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Secondary binding site of dipeptidyl peptidase IV (DP IV) 
Field of the application 

The present application relates to the secondary binding site of dipeptidyl peptidase 
IV, its relationship with any type of substrates and to the modulation of substrate 
specificity of dipeptidyl peptidase IV (DP IV, synonym: DPP IV, CD26, EC 3.4.14.5). 

The application relates further to compounds that bind to the secondary binding site 
of DP IV and their use to modulate the substrate specificity off DP IV. 

Furthermore, the present invention provides a method for treating DP IV mediated 
disorders, selected from but not restricted to, impaired glucose tolerance, giucosuria, 
lipid disorders, dyslipidemia, hyperiipidaemia, hypertriglyceridemia, 
hypercholesterolemia, low HDL levels, high LDL levels, metabolic acidosis, 
hyperglycemia, diabetes mellrtus, diabetic neuropathy and nephropathy and of 
sequelae caused by diabetes mellrtus in mammals, metabolism-related hypertension 
and cardiovascular sequelae caused by hypertension in mammals, for the 
prophylaxis or treatment of skin diseases and diseases of the mucosae, autoimmune 
diseases and inflammatory conditions, and for the treatment of psychosomatic, 
neuropsychiatric and depressive illnesses, such as anxiety, depression, sleep 
disorders, chronic fatigue, schizophrenia, epilepsy, nutritional disorders, spasm and 
chronic pain, atherosclerosis and its sequelae, vascular restenosis, irritable bowel 
syndrome, inflammatory bowel disease, including Crohn's disease and ulcerative 
colitis, other inflammatory conditions, pancreatitis, abdominal obesity, 
neurodegenerative disease, retinopathy, nephropathy, Syndrome X, ovarian 
hyperandrogenism (polycystic ovarian syndrome), growth hormone deficiency, 
neutropenia, tumor metastasis, benign prostatic hypertrophy, gingivitis, osteoporosis, 
and other conditions, in mammals. 



The present application also provides a screening method for the identification of 
agents, which bind to the secondary binding site of dipeptidyl peptidase IV. 



Further on, a screening method for the identification and determination of one or 
more secondary binding sites of DP IV-ilke enzymes Is provided. 
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Background of the Invention 

The exopeptidase dlpeptidyl peptidase IV (DP IV, CD26, EC 3.4.14.5) is Involved In a 
number of physiological regulation processes. On the one hand, DP IV is a peptidase 

5 which can change the activity of a number of peptide hormones, neuropeptides and 
chemokines in a very specific manner (Mentleln, Reg. Pep. 85, pp. 9-24 (1999) while 
on the other hand the DP IV protein molecule exerts protein-protein interactions, so 
mediating the regulation of intracellular signaling cascades. A growing number of 
peptide substrates containing proline, alanine or serine in the penultimate position 

10 are identified as substrates of DP IV in vitro and in vivo. Bioactive peptides which are 
substrates for DP IV and members of such regulation cascades are, among others, 
NPY, GIP, GLP-1, glucagons, VIP and PACAP. Furthermore, many DP IV-inhibitors 
belonging to different structural classes are known. 

15 It is known that DP IV-lnhibitors may be useful for the treatment of impaired glucose 
tolerance and diabetes mellitus (International Patent Application, Publication Number 
WO 99/61431, Pedereon RA et al, Diabetes. 1998 Aug; 47(8):1253-8 and Paury RP 
et al, Metabolism 1999 Mar, 48(3):385-9). In particular WO 99/61431 discloses DP 
IV-lnhibitors comprising an amino acid residue and a thiazolidine or pyrrolidine group, 

20 and salts thereof, especially L-ffveo-isoleucyl thiazolidine, L-a/to-isoleucyi 
thiazolidine, L-ffireo-isoleucyl pyrrolidine, L-a/to-isoleucyl thiazolidine, L-a//o-isoleucyl 
pyrrolidine, and salts thereof. 

Further examples of low molecular weight dipeptidyl peptidase IV inhibitors are 
25 agents such as tetrahydroisoquinolin-3-carboxamide derivatives, N-substttuted 2- 
cyanopyroles and -pyrrolidines, N-(N'-substituted glycyl)-2-cyanopyrrolidines, N- 
(substituted glycylMhiazolidines, N-(substttuted glycyl)-4-cyanothiazolidines, amino- 
acyl-borono-proiyHnhlbrtors, cyctopropyMused pyrrolidines and heterocyclic 
compounds. Inhibitors of dipeptidyl peptidase IV are described in* US 6,380,398, US 
30 6,011,155; US 6,107,317; US 6,110,949; US 6,124,305; US 6,172,081; WO 
95/15309, WO 99/61431, WO 99/67278, WO 99/87279, DE 198 34 591, WO 
97/40832, DE 196 16 486 C 2, WO 98/19998, WO 00/07617, WO 99/38501, WO 
99/46272, WO 99/38501, WO 01/68603, WO 01/40180, WO 01/81337, WO 
01/81304, WO 01/55105, WO 02/02560 and WO 02/14271, WO 02/04610, WO 



WO 2004/031374 PCT/EP2003/010408 

3 

02/051836, WO 02/068420, WO 02/076450; WO 02/083128, WO 02/38541, WO 
03/000180, WO 03/000181, WO 03/000250, WO 03/002530, WO 03/002531, WO 
03/002553.WO 03/002593, WO 03/004406, WO 03/004498, WO 03/024965, WO 
03/024942, WO 03/035067. WO 03/037327, WO 03/035057, WO 03/045977, WO 
03/055881, WO 03/68748, WO 03/68757, WO 03/057666, WO 03057144, WO 
03/040174 and WO 03/033524, the teachings of which are herein incorporated by 
reference in their entirety, especially concerning these inhibitors, their definition, uses 
and their production. 



WO 2004/031374 



PCT/EP2003/010408 

4 ' 



Definitions 

The term "active site" as used In the claims and in the description Is generally known 
to a person skilled in the art and means the catalytical site or region of DP IV and/or 
DP IV-like enzymes, which is responsible for the cleavage or biodegredation of the 
natural substrates of these enzymes. 

The term "secondary binding site" as used in the claims and In the description means 
a site or region of DP IV and/or DP IV-like enzymes, which is different from the active 
site, e.g. a) a receptor site or b) a substrate recognition site or c) a regulatory site or 
allosteric site. The secondary binding site can a) affect the receptor function of DP IV 
and/or DP IV-like enzymes or b) affect the catalytic activity of DP IV and/or DP IV-like 
enzymes, especially the selectivity and/or specificity of these enzymes toward their 
substrates. Some secondary binding sites are complementary to the structure of the 
substrate of the enzymes, coenzymes, co-factors and other compounds, which are 
involved in the activity and function of the enzyme. The enzymes may even have one 
or moire secondary binding sites. 

The secondary bindig site is an element of the enzyme distinct from the catalytic site 
with a different form of regulation than the competition between substrates and 
Inhibitors at the catalytic site (Darnell. J.. Lodish. H. and Baltimore, D. 1990, 
Molecular Cell Biology 2 nd Edition, Scientific American Books, New York, page 63). 

The term "DP IV and/or DP IV-like enzymes" means DP IV or DP IV-like enzymes or 
both. 

The term "activity modifying" as used in the claims and in the description means both 
the modification of the enzymatic activity as well as the modification of the selectivity 
or specificity of DP IV and/or DP IV-Bke enzymes. Especially preferred is the 
modification of the selectivity or specificity of DP IV and/or DP IV-like enzymes 
. toward their natural substrates. 

•Effectors", as that term is used herein, are defined as molecules or Uganda that 
internet with a secondary binding site of DP IV and/or DP IV-like enzymes, thereby 
changing their catalytical behaviour In vitro and/or In vM>. Effectors can increase or 
decrease the catalytical activity of the enzymes. Examples of effectors are activators 
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or inhibitors. The effectors as used herein do not act at the active sites of enzymes 
but at at least one secondary binding site, e.g. a regulatory site, or an allosterlc site.' 
The term "effectors" is used herein synonymously with "agent" or "compound". 

The term "DP IV-lnhibitor" is generally known to a person skilled in the art and means 
enzyme inhibitors, which interact with the active site or caialytical site of DP IV or DP 
IV-like enzymes or DP IV and/or DP IV-IIke enzymes and inhibit the caialytical activity 
of these enzymes. 

The "use of effectors" encompasses one single effector or two or more effectors 
together. Preferred is the use of two effectors. Especially preferred is the use of one 
single effector. 

"Conditions associated with diabetes melfitus" itself Include hyperglycemia, insulin 
resistance, including acquired insulin resistance and obesity. Further conditions 
associated with diabetes mellftus itself include hypertension and cardiovascular 
disease, especially atherosclerosis and conditions associated with insulin resistance. 
Conditions associated with insulin resistance include polycystic ovarian syndrome 
and steroid induced insulin resistance and gestational diabetes. 

"Complications associated with diabetes mellftus- includes renal disease, especially 
renal disease associated with Type 2 diabetes, neuropathy and retinopathy. 

Renal diseases associated with Type 2 diabetes include nephropathy, 
25 glomerulonephritis, glomerular sclerosis, nephrotic syndrome, hypertensive 
nephrosclerosis and end stage renal disease. 

Diabetes mellftus is preferably Type 2 diabetes. 



30 Classification of Diabetes 

Clinical diabetes may be divided into four general subclasses, including (1) type 1 
(caused by beta ceil destruction and characterized by absolute insulin deficiency) (2) 
type 2 (characterized by Insulin resistance and relative insulin deficiency (3) other 
specific types of diabetes (associated with various identifiable clinical conditions or 
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syndromes) and (4) gestational diabetes mellitus. in addition to these clinical 
categories, two conditions - impaired glucose tolerance and impaired fasting glucose 
- refer to a metabolic state intermediate between normal glucose homeostasis and 
overt diabetes. These conditions significantly increase the later risk of diabetes 
5 mellitus and may in some instances be part of its natural history. It should be noted 
that patients with any form of diabetes might require insulin treatment at some point 
For this reason the previously used terms Insulin-dependent diabetes (for type 1 
diabetes mellitus) and non-insulin-dependent diabetes (for type 2) have been 
eliminated. 
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Diabetes is currently classified as follows: 



Clinical diabetes 

1. Type 1 diabetes, formerly called insulin-dependent diabetes mellitus 
15 (IDDM) or "juvenile-onset diabetes" 

Z Type 2 diabetes, formerly called non-insulin-dependent diabetes (NIDDM) 

or "adult-onset diabetes" 
& Other specific types 

a) Genetic defects of p-cell function (e.g., maturity-onset diabetes of the 
20 young [MODY] types 1-3 and point mutations in mitochondrial DNA) 

b) Genetic defects in insulin action 

c) Disease of. the exocrine pancreas (e.g., pancreatitis, trauma, 
pancreatectomy, neoplasia, cystic fibrosis, hemochromatosis, 
fibrocalculous pancreatopathy). 

25 d) Endocrinopathies (e.g. acromegaly, Cusing's syndrome, 

hyperthyroidism, pheochromocytoma, glucagonoma, somatostinoma, 
akJosteronoma) 

e) Drug or chemical induced (e.g., glucocorticosteroids, thiazides, 
diazoxide, pentamidine, vacor, thyroid hormone, phenytoin [Dilantin], 

30 0-agonists, oral contraceptives) 

f) Infections (e.g., congenital rubella, cytomegalovirus) 

g) Uncommon forms of immune-mediated diabetes (e.g., "stiff-man", 
syndrome, anti-Insulin receptor antibodies) 



WO 2004/031374 



7 



PCT/EP2003/010408 



h) Other genetic syndromes (e.g., Down, Klinefelter^, Turner's 
syndrome, Huntington's disease, myotonic dystrophy, lipodystrophy, 
ataxia-telangiectasia) 
4. Gestational diabetes mellitus 

5 

Risk categories 

1. Impaired lasting glucose 

2. Impaired glucose tolerance 

10 Tvoe 1 Diabetes mellitus 

Patients with this disorder have little or no insulin secretory capacity and depend on 
exogenous insulin to prevent metabolic decompensation (e.g., ketoacidosis) and 
death. 

15 Commonly but not always, diabetes appears abrubtiy (i.e., over days and weeks) in 
previously healthy non-obese children or young adults; in older age groups it may 
have a more gradual onset At the time of Initial evaluation the typical patient often 
appears ill, has marked symptoms (e.g., polyuria, polydipsia, potyhagia, and weight 
loss), and may demonstrate ketoacidosis. Type 1 diabetes is believed to have a long 
20 asymptomatic preclinical stage often lasting years, during which pancreatic beta cells 
are gradually destroyed by an autoimmune attack that is influenced by HLA and other 
genetic factors, as weR as the environment Initially, insulin therapy Is essential to 
restore metabolism toward normal. However, a so-called honeymoon period may 
follow and last weeks or moths, during which time smaller doses of insulin are 
25 required because of partial recovery of beta cell function and reversal of insulin 
resistance caused by acute illness. Thereafter, Insulin secretory capacity is gradually 
tost (oyer several years). The association of type 1 diabetes with specific immune 
response (HLA) genes and the presence of antibodies to Islet cells and their 
constituents provides strong support for the theory that type 1 diabetes is an 
autoimmune disease. This syndrome accounts for lese than 10% of diabetes in 
United States. 
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Tvne 2 Diabetes mellrtus 

Type 2, by far the most common form of the disease, is found in over 90 % of the 
diabetic patient population. These patients retain a significant level of endogenous 
insulin secretory capacity. However, insulin levels are low relative to the magnitude of 

5 insulin resistance and ambient glucose levels. Type 2 patients are not dependent on 
insulin for immediate survival and ketosis rarely develops, except under conditions of 
great physical stress. Nevertheless, these patients may require insulin therapy to 
control hypertgycemla. Type 2 diabetes typically appears after the age of 40 years, 
has a high rate of genetic penetrance unrelated to HLA genes, and is associated with 

10 obesity. The clinical features of type 2 diabetes may be mild (fatigue, weakness, 
dizziness, blurred vision, or other non-specific complaints may dominate the picture) 
or may be tolerated for many years before the patient seeks medical attention. 
Moreover, if the level of hyperglycemia Is insufficient to produce symptoms, the 
disease may become evident Only after complications develop. 

15 

Other specific types of Diabetes 

This category encompasses a variety of diabetic syndromes attributed to a specific 
disease, drug, or condition. Genetic research has provided new insights into 
pathogenesis of MODY, which was formerly included as a form of type 2 diabetes. 

20 MODY encompasses several genetic defects of beta cell function, among which 
mutations at several genetic loci on different chromosomes have been identified. The 
most common forms - MODY type 3 - is associated with a mutation for a 
transcription factor encoded on chromosome 12 named hepatocyte nuclear 1a (HNF 
1, also known as TCF1) and -MODY type 2 is associated with mutations of the 

25 glucokinase gene (on chromosome 7) Mutations of the HNMcr gene (on 
chromosome 20) are responsible for type 1 of MODY. Each of these conditions is 
inherited in an autosomal dominant pattern. Two new rare forms of MODY are 
associated with mutations of the HNF-ip (on chromosome 17) and an insulin gene 
transcription factor termed PDX-1 or 1DX-1 (on chromosome 13). 

30 

The distinction between the various subclasses of diabetes mellitus is usually made 
on clinical grounds. However, a small subgroup of patients are difficult to classify, 
that is, they display features common to both type 1 and 2 diabetes. Such patients 
are commonly non-obese and have reduced insulin secretory capacity that is not 
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sufficient to make them ketosis prone. Many initially respond to oral agents but, with 
time , require insulin. Some appear to have a slowly evolving form of type 1 diabetes, 
whereas others defy easy categorization. 

5 Gestational Diabetes 

The term gestational diabetes describes women with impaired glucose tolerance 

that appears or is first detected during pregnancy. Gestational diabetes usually 

appears in the 2 nd or 3 rt trimester, a time when pregnancy-associated Insulin 

antagonistic hormones peak. After delivery, glucose tolerance generally (but not 

10 always) reverts to normal. 

Diagnosis 

The diagnosis of diabetes is usually straightforward when the classic symptoms of 
polyuria, polydipsia, and weight loss are present Ail that is required is a random 
15 plasma glucose measurement from venous blood that is 200 mg/dL or greater, if 
diabetes is suspected but not confirmed by a random glucose determination, the 
screening test of choice is overnight fasting plasma glucose level. The diagnosis is 
established if fasting is equal to or greater than 126 mg/dL on at least two separate 
occasions. 

20 

Related conditions 

Impaired Glucose Tolerance and Impaired Fasting Glucose 

Impaired glucose tolerance (IGT) and impaired fasting glucose QFG) are terms 

applied to individuals who have glucose levels that are higher than normal, (under fed 

25 or fasting conditions, respectively) but lower than those accepted as diagnostic for 

diabetes meliitus. Both conditions are associated with an increased risk for 

cardiovascular disease, but do not produce the classic symptoms or the 

microvascular and neuropathic complications associated with diabetes meliitus. In a 

subgroup of patients (about 25 to 30 %), however, type 2 diabetes eventually 

30 develops. 
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SSmSS£ (IGM) is defined by blood glucose ievels that are 
above the normal range but are high enough to meet the diagnostic criteria for type 2 
diabetes mellitus. The incidence of IGM varies from country to country, but usually 
occurs 2-3 time more frequently than overt diabetes. Until recently, individuals with 
IGM were felt to be pre-diabetics, but data from several epidemiological studies 
argue that subjects with IGM are heterogeneous with respect to their risk of diabetes 
and their risk of cardiovascular morbidity and mortality. The data suggest that 
subjects with IGM , In particular, those with impaired glucose tolerance (IGT) . do not 
aNravs develop diabetes, but whether they are diabetic or not, they are. nonetheless, 
at high risk for cardiovascular morbidity and mortality. Among subjects with IGM 
about 58 % have Impaired Glucose tolerance (IGT), another 29 % have Impaired 
fasting glucose (IFG). and 13 % have both abnormalities (IFG/IGT). As discussed 
above IGT Is characterized by elevated post-prandial (post-meal) hyperglycemia 
while IfG has been defined by the ADA (American Diabetes Association) on the 
basis of fasting glycemic values. 

The categories of (a) norma, glucose tolerance (NGT), (b) ^ 
rnetabolism (IGM) and (c) overt type 2 diabetes meiiitus are periodica,* revved and 
adopted by the Expert Committee of the American Diabetes Assertion (ADA). The 

Classen of Diabetes Mellitus. Diabetes Care (26) 1, 2BWJWD andjhe 
Diabetes Ready-Reference Guide for Health Care Professionals. 2000. pubhshed by 
the American Diabetes Association" are: 

? a) Normal Glucose Tolerance (NGV « testing glucose level < 6.1 

mmol/L or less than 110 mg/dl and a 2h posH>randlal glucose level 

of < 7.8 mmol/L or < 140 mg/dl. 
b) impaired Glucose Metabolism (IGM) Is Impaired fasting glucose (IFG) 
defined as IFG » fasting glucose level of 6.1 - 7.0 mmol/L or 1 10 - 
126 mg/dl and/or impaired glucose tolerance (IGT) « a 2h post- 
prandial glucose level (75 g OGTT) of 7.8 - 11.1 mmol/L or 140 - 
200 mg/dl). 
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C) 



Type 2 diabetes - fasting glucose of greater than 7 mmol/L or 126 
mg/dl or a 2h postprandial glucose level (75 g OGT7) of greater than 
1 11 mmol/L or 200 mg/dl 



adn^babon of an oral glucose tolerance test (75 g OQTT) I e„ the oral 

a casual (non-fas^) aarnpl. a, .he analyto, 3) ^ 

condltiona, the olvcemic categories defined above have been linked to (he lncreaMd 
15 variations In test results. 

insa^slstartcaisnotp^ 

aw*, responaivenew h j,,,^ ^ ac8vaton ..^^ ■ . 

» oxHafcn and «on»e h mu**, and (nartequala 'M rapn^sto of lipolsTh 
adipose tissue and of glucose production and secretion In the aver 
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2!Z"* U V' aSUSedh8rek, ' refera,oan —* a man**, most 

!™^, a hum ^ «*o oaa bean tha obJW tree*™* observed or 
experiment 

T**m Ihen^ca^ effete amounf as ua*. h«*n. mean, M a,™* „ 
ac*. compouixl or phammoeuSoal agent that eScfta the biological or madUnal 
^ h ajte„ an^ or hutnan. ^ M bv a n^rehar, 

TT^'.T or otter cMcta* which Mudes alevbtton of the 

symptoms of the disease or disorder being heated. 

*"»ed herein, the tarn, ■ VttmaeeuSMy acceptable' embnxee boft human and 
^ "* fer «• «■» -pharmacauBcaly acceptable- embrace, a 
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veterinarily acceptable compound or a compound acceptable in human medicine a 
health care. 

Throughout the description and the claims the expression "acyf can denote a C1-20 
acyl residue, preferably a C1-8 acyl residue and especially prefened a C1-4 acyl 
residue- -cydoalkyl" can denote a C3-12 cycloalkyl residue, preferably a C4, C5 or 
C6 cycloalkyl residue; and -carbocycllo- can denote a C3-12 carbocycjlc residue, 
preferably a C4, C5 or C6 carbocyclic residue. "Heteroaryr is defined as an aryl 
residue, wherein 1 to 4, and more preferably 1, 2 or 3 ring atoms ate replaced by 
heteroatoms like N, S or O. -Heterocyclic- Is defined as a cycloalkyl residue, wherein 
1 2 or 3 ring atoms are replaced by heteroatoms like N, S or O. -Peptides- are 
selected from dipeptides to decapeptldes, prefened are dipeptides, tripeptWes. 
tetrapeptldes and pentapeptides. The amino acids for the formation of the 'peptides' 
can be selected from those listed above. 

Throughout the description and the claims the expression "alkyP can denote a C« 
alkyl group, preferably a C«o alkyl group, especially a Cs.« alkyl group; tor example, 
an alkyl group may be a methyl, ethyl, propyl, isopropyl or butyl group. The 
expression "alk", for example In the expression -alkoxy", and the expression "alkan , 
for example in the expression "aikanoyT. are defined as for W. aromatic 
compounds are preferably substituted or optionally unsubstituted phenyl, benzyl, 
naphthyl. biphenyl or anthracene groups, which preferably have at least 8 C atoms; 
the expression "alkenyl" can denote a Cmo alkenyl group, preferably a C„ alkenyl 
group, which has the double bond(s) at any desired location and may be substituted 
or unsubstituted; the expression "alkynyT can denote a Ca-ioalkynyl group, preferably 
a C« alkynyl group, which has the triple bond(s) at any desired location and may be 
substituted or unsubstituted; the expression -substituted" or substituent can denote 
any desired substitution by one or more, preferably one or two, alkyl. alkenyl, alkynyl, 
mono- or multivalent acyl, alkanoyl. alkoxyaBcanoyl or alkoxyalkyl groups; the afore- 
, mentioned substttuente may in turn have one or more (but preferably zero) alkyl. 
alkenyl. alkynyl. mono- or multi-valent acyl, alkanoyl, alkoxyalkanoyl or alkoxyalkyl 
groups as side groups; organic amines, amides, alcohols or acids, each having from 
8 to 50 C atoms, preferably from 10 to 20 C atoms, can have the formulae (alkvfcN- 
or alkyl-NH-, -CO-N(alkyl>2 or -CO-NH(alkyl), -alkyl-OH or -alkyWOOH. 
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Summary of the Invention 

The inventors of the present application unexpectedly show, that the Degradation 
of different substrates, which bind to the same catalytic domain of DP IV anoYor DP 
IV-like enzymes, can be modulated in an unexpected very specific manner. 

The invention provides a method to identify the site in the DP IV protein or in DP IV- 
like enzymes or in both, DP IV and DP IV-like enzymes which is responsible for the 
modulation of the substrate specific^ of DP IV and also provides new compounds 
which regulate the substrate specificity of DP rv and which are useful for the" 
treatment of, for example, impaired glucose tolerance, glucosuria, Ibid disorders 
dysllpldemia, hyperlipidaemia, hy^rtrigryceridemia, hypercholesterolemia, low HDL 
levels, high LDL levels, metabolic acidosis, hyperglycemia, diabetes mellitus, diabetic 
neuropathy and nephropathy and of sequelae caused by diabetes meilitus in 
mammals, metaboHsnwelated hypertension and cardiovascular sequelae caused by 
hypertension in mammals, for the prophylaxis or treatment of skin diseases and 
drseases of the mucosae, autoimmune diseases and inflammatory conditions, and for 
the treatment of psychosomatic, neuropsychiatric and depressive illnesses, such as 
anxuay, depression, sleep disorders, chronic fatigue, schizophrenia, epilepsy 
nutritional disorders, spasm and chronic pain, atherosclerosis and its sequelae' 
vascular restenosis, irritable bowel syndrome, inflamrriatory bowel disease, Including 
Crohn's disease and ulcerative colitis, other inflammatory conditions, pancreatitis 
abdominal obesity, neurodegenerative disease, retinopathy, nephropathy, Syndrome' 
X, ovarian hyperandrogenism (polycystic ovarian syndrome), growm hormone 
deficiency, neutropenia, tumor metastasis, benign prostatic hypertrophy. gingivitis 
25 c^pcrosis, and other conditions, in rnammals. 



Other Potential target diseases and the actual stage of research are summarized in 
table. 
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Table 1: Target diseases for DP IV-lnhibltlon 

Target disease 

AIDS cell culture 

Autoimmune diseases cell culture and animal models 
Rheumatoid Arthritis animal models 




Psoriasis 
Graft rejection 
Wound healing 

Anxiety 
Diabetes type II 

Cancer 

Obesity 



cell culture and animal experiments 
animal experiments 

effective in animal models 

Phase n studies 

cell culture, animal models 



DP TV and FAP are involved 
NPY, GLP-1 and orexine mediated 
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The problem of the invention is solved by using a prolyl oligopeptidase (POP) based 
computer-generated model of DP IV and of the crystal structure of DP IV for the 
identification of secondary binding sites of DP IV and by providing specific 
compounds, which bind to at least one secondary binding site and are able to modify 
very differently and/or specifically the DP IV^atalyzed truncation of substrates of DP 
IV and DP IV-like enzymes, e.g. bibactlve peptides. The overall result is a significant 
increase of substrate dependent DP IV^electivlty by such compounds and thereby 
minimization of side reactions with other substrates and as such of potential side 
effects after complete inhibition of DP IV-activity. 
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Brief description of the drawings 

Further understanding of these and 
by reference to the figures wherein: 



of the instant invention may be had 



Figum 1 shows a plot of the distribution of the backbone dihedral angles of the 
complete model of human DP IV. There are no residues in disallowed regions but 
some residues are located in only generously allowed areas. Most of them represent 
residues in loops at the surface of the propeller domain. 

The plot statistics is a measure for the plot quality. The plot statistics for figure 1 is as 
follows: • 

Residues in most favoured regions 
Residues in additionally allowed regions 
Residues in generously allowed regions 
Residues in disallowed regions 
Number of non-gfycine and non-proline residues 
Number of end-residues (excl. Gly and Pro) 
Number of glycine residues (shown as triangles) 
Number of proline residues 
Total number of residues 

Figure 2 shows the analysis of the quality of the model of human DP IV with regard to 
some essential stereo-chemical parameters. The plot statistics Is as follows: 



435 


62,8% 


226 


32,6% 


32 


4,6% 


. Q 


. 0,0 % 


693 


100,0% 


1 




43 




-29 
766 
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Figure 3 shows the computer-assisted structure model of DP IV and the ADA-btnding 
site (indicated by the arrows and amino acid residue numbers); 

Figure 4 shows the active site of DP IV docked with the active site DP IV-inhibitor 
isoleucyl pyrrolidine (lle-Pyr) (dark gray); 

Figure 5 shows the interaction of Lys-Z-nitro-pyrrolidlne with the active site of DP IV; 

Figure 6 shows the tetrahedral Intermediate of Asp-Pro-pNA bound to DP IV; 

Figure 7 shows the interaction of the HIV-tat(1-9) protein with DP IV; 

Figure 8 shows the docking of the N-terminal nonapeptide of the tpmboxane 
receptor, 

Figure 9 shows the 3D-structure model of the Interaction between GIP (black thread) 
and human DP IV; 

Figure 10 shows the docking arrangement of GIP (black) to the active site of DP IV; 

Figure 11 shows the molecular dynamic simulation based model of the tertiary 
structure of GIP (middle part), bound to DP IV. Important amino acid residues from 
the enzyme are shown in light gray, those from GIP are shown in black, respectively; 

Figure 12 shows the docking of VIP (black) to the active site of DP IV; 

Figure 13 shows the docking of the C-terminal part of VIP to DP IV; 

Figure 14 shows the docking of glucagon (black) to the active site of DP IV; 



Figure 15 shows the molecular dynamic simulation based model of the hexapeptkte 
TFTSDY, bound to the secondary binding site of DP IV. Important amino acid 
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residues from the enzyme are light gray, those from the hexapeptide are marked In 
dark gray, respectively; 

Figure 16 shows the prolongation of the halHifes of GIP, Glucagon, PACAP-27 and 
PACAP-38 by the hexapeptide TFTSDY in a DP IV (porcine and recombinant human) 
catalyzed peptide truncation test; 

Figure 17 shows the DP IV-catalyzed hydrolysis of RANTES1-15 with (black solid 
triangle or broken line) or without TFTSDY (black solid square or straight Hne); 

Figure 18 shows the DP IV-catalyzed hydrolysis of GIP with (black solid triangle) or 
without TFTSDY (black solid square); 

Figure 19 shows the DP IV-catalyzed hydrolysis of glucagon with (black solid circle) 
or without TFTSDY (black solid triangle); 

Figure 20 shows a plot of the distribution of the backbone dihedral angles of the 
complete model of porcine DP IV. All residues are in most favored and additional 
allowed regions. The plot statistics Is as follows: 

Residues in most favoured regions (A, B, L) 
Residues in additional allowed regions (a, b, I, p) 
Residues in generously allowed regions (-a, ~b, ~l, ~d) 
Residues in disallowed regions ^ 

Number of norvglyclne and non-proline residues 
Number of end-residues (excl.Gly and Pro) 
Number of glycine residues (shown as triangles) 
Number of proline residues 

Total number of residues 



457 


66,0% 


235 


34,0% 


0 


0,0% 


0 


0,0% 


682 


100,0 % 
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Figure 21 shows the analysis of the quality of the mode! of porcine DP IV with regard 
to some essential stereo-chemical parameters of the main chain: The plot statistics is 
as follows: 









Comparison Values 






Stereochemical parameter 


No. of 
data 
points 


Parameter 
value 


Typical 
value 


Band 
width 


No. of 
band 
widths 
from 
mean 




a. %-tage residues in A. B, L 


692 


66.0 


83.8 


10.0 


-1.8 


WORSE 


b. Omega angle standard 
deviation 


766 


8.5 


6.0 


3.0 


0.8 


Inside 


c. Bad contacts / 100 residues 


2 


0.3 


42 


10.0 


-'04 


Inside 


d. Zeta angle standard deviation 


725 


2.1 


3.1 


1.6 


-0.6 


Inside 


e. H-oond energy standard 
deviation 


400 


0.8 


0.8 


0.2 


-0.1 


Inside 


f, OveraH G-factor 


769 


-0.4 


-0.4 


0.3 


-0.1 


Inside 



Figure 22 shows the analysis of the quality of the model of porcine DP IV with regard 
to some essential stereo-chemical parameters of the side chains. The plot statistics is 



asibllows: 









Comparison Values 






Stereochemical parameter 


No. of 
data 
points 


Parameter 
value 


Typical 
value 


Bandwidth 


NO. of 
band 
widths 
from 
mean 




a. ChM gauche minus 
standard deviation 


156 


16.2 


18.1 


6.5 


-0.3 


Inside 


b. ChM trans standard 
deviation 


218 


17.9 


19.0 


5.3 


-0.2 


Inside 


c. ChM gauche plus 
standard deviation 


279 


17.6 


17.5 


4.9 


0.0 


Inside 


d. ChM pooled standard 
deviation 


653 


18.0 


18.2 


4.8 


0.0 


Inside 


e.Chi-2 trans standard 


144 


16.3 


20.4 


5.0 


-0.8 


Inside 



Figure 23 shows soluble DP IV from prorcine kidney, which forms a 2-2-2 symmetric 
assembly as dimer of dimers. The view is along one two-fold axis. Potential 
grycosylation sites are indicated as grey spheres, black spheres are the sites 
modified In the crystal structure. The transmembrane helloes and their orientation to 
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the membrane were modeled to illustrate how tetramertzatlon of DP IV can mediate 
cell-cell contacts. The figure was prepared by using the program MOLSCRIPT and 
RASTER3D. 

5 Figure 24 shows a topology diagram illustrating the domain structure of porcine 
kidney DP IV. Blade IV of the propeller Is involved In both the dlmer contact (IV A - 
IV B: L235-P255, together with the highlighted C-terminal three secondary structure 
elements F713-C762) and the tetramerization of DP IV (IV A - IV C and IV B - IV C, 
not shown). 

10 

Figure 25 shows oligonierizatton interfaces. (A) Detailed view perpendicular to the 
dimer two-fold axis: The experimental electron density after phase extension to 2.0 A 
resolution is superimposed on key residues mediating the contact (B) View along 
the two-fold axis on the tetramerization interface. Blades IV of each subunit align to 
15 form an eight-bladed antiparallet p sheet The highlighted Leu294 and Val341 are 
involved in ADA binding. The figure was prepared using BOBSCRIPT, MOLSCRIPT 
and RASTER3D. 

Figure 26 shows substrate recognition by procine kidney DP IV. (A) The 
20 peptidomimefic active-site inhibitor Hodo-Phe-Pyr-CN is bound to active site. The 
accessible surface is indicated and cut-open (dark gray area at the top of the figure) 
for better visibility. (B) Schematic representation of the active site access in tricorn 
and DP IV. The figure was prepared by using the programs MAIN , MOLSCRIPT, 
GRASP and RASTER3D. 

Figure 27 shows the DP rV-cataiyzed hydrolysis of GlPi^ with (black solid squares) 
or without the heptapeptide H-Ser-D-Glu-Thr-Gly-D-Val-D-Lys-D-Val-OH (black solid 
triangles). 
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Detailed description of the Invention 

The inventors of the present application unexpectedly show.that the blodegradaHon 
of substrates, which bind to the same catalytic domain of DP IV, can be modulated 
very specifically. 

One aspect of the invention is to identify the site in the DP IV protein, which is 
responsible for the modulation of the substrate specificity and selectivity of DP IV and 
DP IV-like enzymes and to provide new compounds, which regulate the substrate 
selectivity and/or activity of DP IV and DP IV-like enzymes and which aire useful for 
the treatment of, for example, Impaired glucose tolerance, gkicosuria, lipid disorders, 
dyslipidemia, hyperlipldaemia, hypertriglyceridemia, hypercholesterolemia, low HDL 
levels, high LDL levels, metabolic acidosis, hyperglycemia, diabetes mellitus, diabetic 
neuropathy and nephropathy and of sequelae caused by diabetes mellitus in 
mammals, metabolism-related hypertension and cardiovascular sequelae caused by 
hypertension in mammals, for the prophylaxis or treatment of skin diseases and 
diseases of the mucosae, autoimmune diseases and inflammatory conditions, and for 
the treatment of psychosomatic, neuropsychiatric and depressive illnesses, such ss 
anxiety, depression, steep disorders, chronic fatigue, schizophrenia, epilepsy, 
nutritional disorders, spasm and chronic pain, atoeroscterosis and its sequelae, 
vascular restenosis, irritable bowel syndrome, inflammatoiy bowel disease, including 
Crohn's disease and ulcerative colitis, other inflammatoiy conditions, pancreatitis, 
abdominal obesity, neurodegenerative disease, retinopathy, nephropathy, Syndrome 
X, ovarian hyperandrogenism (polycystic ovarian syndrome), growth hormone 
deficiency, neutropenia, tumor metastasis, benign prostatic hypertrophy, gingivitis, 
osteoporosis, and other conditions. 

Usually, DP IV Is inhibited by compounds mimicking the N-terminal dipeptkte part of a 
DP rv-substrate. This leads to potent compounds which are inhibitors of DP IV and 
DP IV-like enzymes and inhibit at sufficient concentrations (e.g. 5 x Krdose) the DP 
rv-cataryzed hydrolysis of small chromogenic or higher molecular weight peptide 
substrates. In the present Invention it is demonstrated that compounds Interacting 
with DP IV-blnding sites far distant from the catalytic center are capable to 
differentiate the degradation of different substrates, e.g. peptide substrates, or even 
discriminate DP fV-catalyzed hydrolysis completely. 
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The substrate properties of the peptides of the growth hormone releasing factor 

(GRF) family against DP IV were examined. 

The GRF family consists of the following peptide hormones: 

5 

- Gastrin-releasing peptide (GRP) 
Enterostatln 

- Peptide histidine methionine (PHM) 

- Chotecystoklnln 

10 - Glucagon-like peptide-2 (6LP-2) 

• Glucose-dependent Insulinotropic polypeptide (GIP) 

- Glucagon-like peptide-1 (GLP-1) 

- Growth-hormone releasing factor (GRF) 

- Pituitary-adenylate cyclase activating polypeptide (PACAP (27 und 38)) 
15 . Vasoactive intestinale peptide (VIP) 

• Exendin-1 

- Exendin-2 

- Exendin-3 

- Exendin-4 
20 - Secretin 

- Glucagon 

In particular, the capability of purified DP IV from human, from porcine kidney, of 
recombinant human DP IV and the DP IV activity of the human serum to truncate the 

25 peptides of the GRF family were analyzed. The half-fife of the peptides were 
determined using matrix-assisted laser desorption/ionization time-of-flight mass 
spectrometry (MALDI-TOF MS) whereas the kinetic constants Km and were 
calculated using capBlary zone electrophoresis. All peptides were hydrolyzed by 
porcine DP IV, recombinant human DP IV or DP IV activity of the human serum. The 

30 resulting Rvalues were independent from the amino acid in the Pi-position That 
means that the binding of substrates to DP IV is not mainly affected by the Pi-resldue 
rather than by secondary Interactions between substrate and DP IV protein. 
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The same surprising phenomenon of different substrate properties was shown with 
GIP-fragments of different chain lengths. V^IPO-e) and GHSIPd-e) were not 
hydrotyzed by DP IV. V^IPO-SO) and G^IPO-SO) were accepted as substrates and 
both S'GIPCI-O) and S 2 GIP(1-30) were truncated by DP IV (Table 2). These findings 
prove the existence of a secondary binding site in the DP IV protein, which Is 
responsible for substrate recognition and which modulates the biodegradatton of 
substrates and, therefore forms the basis for the management of substrate selectivity 
and specificity of DP IV and/or DP IV-like enzymes. 



10 Table 2: 



Truncation half life of various bloactive peptides which are 
substrates for DP IV 



substance 


half-Pie [min] 


GIPl.30 


2.68 


S^GlPi^o 


137.14 


V^IPl-M I 


298.04 


GKMPi* 


150.02 


GIP« 


<7.5 


S'GIPi-e 


79.04 


VGIPts 


no degradation 




no degradation 



The ammo acid sequences of natural GIP1.30 and GIP« are: 
GJPi^: YAEGTFISDYSIAMAKIHQQAFVhIWLLAQK 

15 GIPw.YAEGTF 

To identify the secondary binding site, a hexapeptide derived from a consensus 
sequence of the amino acid sequences of GRF-family peptides was synthesized and 
its influence on the substrate specificity of DP IV was measured. The selected 
20 consensus sequence corresponds to glucagon^, comprising the amino acid 
sequence TFTSDY. As expected this peptide had only weak Influence on the GP-4- 
NHroanlllde hydrolysis (id = 0.71mM). 
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In support of the results achieved with the GRF family peptides, the truncation half- 
life* of GIP, GLP-1, NPY, glucagon or PACAP by DP IV were also changed after 
preincubation with 160uM TFTSDY (Table 3). No differences could be detected 
between incubation of Rantes,.i S and DP IV with or without the hexapeptide TFTSDY 
5 (Teble 3). The latter finding shows that the peptide Rantes^ is too short to reach the 
secondary binding site and therefore TFTSDY has no effect on its hydrolysis rate. 
The half-lives of GIP and glucagon in presence of DP IV were prolonged by TFTSDY, 
the strongest influence had TFTSDY on the DP IV-catalyzed truncation of glucagon. 

10 Further, a modified variant of the hexapeptide TFTSDY, TFTDDY was synthesized, 
studied for docking in the DP IV 3D Structural model and tested for its regulatory 
efficacy to modulate substrate specificity of DP IV. 

Table 1: Inhibitory effect of TFTSDY on DP IV-catalyzed peptide truncation 
15 expressed in Ki-values 



peptide 


K,luMJ 

rec. human DP IV porcine DP IV 


PACAP-27 


26.7. 


n.d. 


PACAP-38 


2.8 


n.d. 


GIP 


14.0 


65.9 


glucagon 


. 3.7 


6.8 


RANTESws 


n.d. 


12307.7 


GLP-1 


n.d. 


13.7 


NPY 


n.d. 


17.2 



20 The hexapeptides TFTSDY and TFTDDY were found to be instable in biological 
fluids, e.g. humen serum or human plasma and/or they were rapidly degraded by 
proteolytic enzymes in the serum or plasma. Therefore, and In another embodiment 
of the present invention, a heptapeptide of the sequence 
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H-Ser-CMSIu-Thr-Gty-D-Val-D-Lys-D-Val^H 

was synthesized. This heptapeptide is not statically degraded in human serum 
ToZTaTis stabie in these fluids. A stabilization of the heptapeptide was 
halved b y the inoor^n of Domino ^ 
fuL shown to be very effective In improving the substrate speedy of DP IV 
compared to control experiments without the heptapeptide. 

The existence of a secondary binding site was proven, e.g. using a set of dioeptide 
^r^s coupled to a chromogenic (p-nltroanlline. pNA) or fluorogente 

Val. His-Gly, and Hie-Thr represent * ^W^^* 
the tb.iow.ng peptide hormones: G* GU£ ™£ ^ pHM and 

dlucaaon The peptide hormones GIP, GLP-1, eu- A 

roepecti* ***** ctipeottes ^-T^ • ^ g^ coup*. i» <he 
In contra!*, the dipeptides are much slower released, wren inoy - • 

. .JZ^mn. oNA) or tluorogenlo (amimirrietriylcournartne. AMC) 
chromogenic ftw*oan»ine, pwv <* " u PACAP 
croup Secondary Interactions rf*e peptide honno.>«G.P.<^1.<3U>*P^ 

substrate recognition. Data supporting the erdstence of a secondary binding site of 
DP rv are shown in table 4 below 

fable 4= DP U<«*~* hydroty... of H«*S«s ***** HW»**«* 
compmed to the fuWenght substrates glucagon and NPY. 



Compound 


Km IM1 


His-Ser-AMC 

Glucagon 

Hls^^-NPY 


2.1*10^ 
3.8*10* 
6.8*10"* 


Hls-Giy-AMU 
[Glyf -glucagon 


4.1*10* 
22*10* 


His-ValnAMC 


1.0*10^ 
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10 oa« only vaiycfwte prelim^ rrwdels which needed = Wo, m OT l ^ MPOSER 
and imnfova™*, iw , ■»■«■» waded a lot of manual modification 
ana improvement* These Improvements ^ b 

conformaHcnandspaealpositwnofea* 

te **m,na sheete w ^ ^ Intera ^^J^ 

^ ot the mo^ ^ ^ ^ ^ ^^1^°^ 

* 1 for human DP rv and Fig. 20 fe, pen** DP tV). bond an*ee andZa^T 

XTSS^n T" 98 ^ " * a. 

•or docking studies and predtctJons of new Uganda *"P«lanoa 
hi aurnmary of this part, the modal of DP IV used herein la fn a alala where the 

*> ata. prndtedona of racommandationa for po^ of ate dlr^ rm,*^ 

• ^^^^^^ 

■** showed that bom i^ t« „ ^ „ h *™ 
mooter ^^whfc hu . <to0 ted teltoac(h , rt , ot ^VlbH 
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mute «on resumed In the appearance of three DP N ****** J"* 
computer generated model was shown that an intramolecular salt bridge s formed 
between R310 and D332 and that this Intramolecular salt bridge Is crucial for the 
formation and stabilization of the DP IV tertiary protein structure. 



Table 6: 
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Kinetic characterization of DP IV-catalyzed substrate hydrolysis by 
mutants of DP IV In the secondary binding site 



Mutation 
mu 15 DP IV 



mu 15 DP IV 
mu 15 DP IV 
mu 15 DP IV 



mu15DPJV 



mu 15 DP IV 



Test 
compound 



Km 



ftly-Ser-AMC Not hvdioWzed 



-AMC 

V*GIP(1-4)* 



Gluca gon (1-14)* 



Leu-Thla-fum* 



Ki 



no Inhibition 
no inhibition 



no Inhibition 



6.81 E-08 



1.00E+06 



jinulSDPiVTFTSDYl 



mu 15 DP IV 



PACAPd-38)* 



mu 16 DP IV 



jmuieppjv 



mu 16 DP IV 



—____ * , ■ r 



■nuiSDPIVffr ansOOl* 

mr<cnpiw YAESTF amide* . 

mu 16 DP tv" Gty-Sar-AMC m hvdroivzed 



Gty-Pro-AMC 



5.02E-05 



\^GlP(1-4r 



S*GtP(1-6)* 



mu 16 DP iV {Glucagon (1-14)*] 
-.■wnpiv PACAP(1-38)* 



Transo 01* 

mu 16 DP IV lYAESTF amide* 



rhwtDPiy 



7.69E-08 
1.14&08 



•a 



2.15E+K 



^^^^ 



no Inhibition 



no Inhibition 



no Inhibitor 
3,21 E-08 



8.55E-06 




1.06E-0J 



6.57E-08 



Glucagon (1-14)* 



rhwtDPiV 
rhwtPPiV 
rhwtDPIV 



rhwtDPIV 



rhwtDPIV 



rhwtDPIV 



PWtDPjy 



>wtDPIV 



■■■in i in 



1.66E+06 



PACAPfl- 
PACAP(1-38)* 
Transp 01* 



YAESTF amide* 



1.13E-04 
3.83E-05 
5.08E-08 



TFTSDY* 



3.51E-08 



Leu-Thla Fum* 



Lau-Thla-Fum* 



5.886- 



7.29E 



5.43E- 



4.7E+K 



'The^lueswem 1 determined "in* competitio n of the test compound to 
the standard substrate GP-4NA (see examples). No inhibition means 
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ftat the compos doesn't influence the DP IVotalyzed hydrolysis of 
the standard substrate GP-4NA. 

Definitions in table 5: 

5 ntulS »<w>iblnantlMtwDPlv,mutatton 

mu16 recomblnara human DP IV, mutation W828A 

thwt "seombinanthgtnanDPlV.wlldh/pe 

P»* porcine kidney DP IV, wOd type 

TranapOl RRLSYSRRRF-E-Thla 



•n the present Invention a rejion wa. ktonUW m the DP rVpreteln. which 
£*. d^adadon resist hepiapepdde, e.„. H^u-x^^ 

iom m T152. W154, W167. R310, Y330, R318. Y4* S460. K463. .JSS 

20 The cvralal structure rrf np i y 

•n aether embodiment of the present hvenflon, ^ ^ „ A 

8 a * I ™neWc tatramenc «»a»*iy whtt depand. oM» 

*«*. ^Wwithme^n^^poPana^p^^^ 

30 the achate through a separate* A dipepfide rnimlcting^hibMor 
*> •» ac*e ate dhoioee. frey defend fb, 

^■J^-*-rt «W^es DP ,v a, an em*^^ 
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Sequence of the porcine DP IV 

Sequence comparison of the porcine DP IV with the humen and other mammalian 
DP IV-sequences reveals a very high degree of sequence conservation. In 

5 particular, there Is not a single sequence Insertion or deletion between the porcine 
and the human sequence. The overall sequence Identity between these two species 
is 88 %,(and 92 % within the catalytic domain). Noteworthy, Ser339 In the porcine 
sequence substitutes for Cys339 in the human sequence, causing the absence of an 
extra disulfide bond (Cys328-Cys339) in human DP IV. In comparison to the human 

10 sequence the potential glycosylaton site at Asn520 Is lost because of an Asn-Hls 
exchange. On the other hand there is an additional potential glycosylatton site at 
Asn179 which is not found in the human sequence. Interestingly, the glycosylatton 
site at Asn279 is found at Asn281 in the human sequence. 

15 Recently, the structure of human DP IV was published (PDB entry code 1N1M) 
(Rasmussen H. B., Branner, S., Wiberg, F. C. Wagtmann. N. (2002) 
http-7/www.nature.corWnatjrestruc^ralbiology, published online 16 December 2002.) 
The model of porcine DP TV according to the present invention was refined by using 
the program CNS with current Rvalues of 21.7 % (working set) and 24.9 % (test set) 

20 and deviations from ideality of 0.008 A (bond length) and 14 degree (angle 
deviation). 

Overall 'structure and subuntt assembly 

The monomer comprises an N-terminal propeller domain (Arg54Wsn497) followed 
25 by the catalytic domain Gln508-Pro766. Notably, the crystal structure reveals a 
dimer of DP IV dlmers in the crystallographic unit cell obeying a 222 symmetry with 
all axes intersecting, Fig. 23. The by fer more extensive dimer contact Is 
predominantly mediated by residues of the catalytic domain with a contact area of 
2270 A 2 versus the dlmer-totetramer interface of 2 x 570 A 2 * 1140 A 2 . The dimer 
30 interface is dominated by hydrophobic interactions, with a central and well shielded 
aromatic stacking involving Trp734 and Phe713 of both monomers. The hydrophobic 
contacts are ccxnplemented by polar interactions such as Asp729 with Hls754 and 
HI8757, Fig 25A. Notably, the Gln731(Os1)-Gln731(N82) contact resembles a subtle 
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(atomic) break of the exact two-fold symmetry within the dimer. The residues critical 
to the dlmerization are strictly conserved throughout all species. 
The dimer-dimer interface has a more hydrophilic character. In its center, the strands 
Asn279-Gln286 of each DP IV-dlmer form an antiparallel B-sheet, thus extending 
5 propeller blade IV to an eight-stranded antiparallel sheet, Figure 25 B. An additional 
contribution to the tetrameric assembly in our crystals arises from the outer strands of 
blade V. The residues contributing to the dimer-dlmer contact are similar over 
different spedes, albeit especially in rodents not strictly identical. More importantly, 
there are no Insertions or deletions in the outer p strands of Wade IV with a contact 
area of 570 A 2 per monomer. Significantly, Asn279 Is located atthetetramerization 
interface and is glycosylated (Figs. 23.25 B). Thus, giycosyiatton of Asn279 might 
provide one missing regulatory link which was proposed to control the assembly of a 
900 kDa oligomer (Lambeir, A. M., Pereira. J. F. D, Chacon, P., Vermeulen, G.. 
Heremans. K.. Devreese, B., VanBeeumen, J., Demeester, I. & Scharpe. S. (1997) 
15 Blochlm. Biophys. Acta 1340, 215-226.). 

Subdomain structure 

The ^-propeller. The N-terminal propeller domain contains eight blades with four 
antiparallel strands each. Typically for p prapeHer etructures, the first and the last 
blade of a propeller is clamped together either covalentty by disulfide bond 
formation (fbur-bladed propellers) or by strand exchange between the first and last 
blade (five to eight-bladed propellers). So for there are three exceptions to this 
closed propeller topology rule, namely the seven bladed propeller of POP (FOJdp 
V., Bocskei, Z. & Pofear, L (1998) Ceif 94, 161-170 ), the seven and the six bladed 
propellers of the tricom protease (Brandstetter, H., Mm, J.-S., GroB, M. & Huber, K 
(2001) Nature 414, 466^469.), and the five bladed propeller of a^araWnase 43A 
(Nurizzo, D., Turkenburg, J. P., Chamoek, S. J., Roberts, S. M.. Dodson. E. J 
McKle. V. A.. Taylor. E. J., Gilbert, H. J. & Davles, G. J. (2002) Nature Struct Biol. *, 
665468.). ™e08-Pn^»er^^ 

topology, because no segment C-terminal to blade VIII interacts with the first 
propeller blade. Interestingly, however, the interaction of the first strand within blade 
I Is limited to Thr59-lte63 while its N-terminal extension Phe53-Tyr58 tightens up the 
propeller structure by Interacting with the Immediate C-termlnal extension to the 
fourth strand of blade VIII (Glu499-Met503). A similar, yet shorter, external clamp 



20 
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has been described for the 07-propeller of the trlcom protease (Brandstetter, H., Kim, 
J.-S., Groll. M. & Huber, R. (2001) Natum 414, 466-469.). 
With the exception of Cys649-Cys762 all disulfide bonds are located in the B 
propeller domain where they form Intra-blade stabilizing crosslinks exclusively, Fig. 

5 24. Cys339 in the human sequence is replaced by Ser339 in the porcine sequence 
which causes the absence of the disulfide bond connecting strand 3 and 4 of blade V 
(Cys328-Cys339 in human DP IV), although the backbone conformation of the 
strands would readily allow a disulfide bond to be formed. Similarly, all glycosylation 
sites but Asn685 are located on the B-propeller. Five of in total 10 potential 

10 glycosylation sites cluster at the top surface side oriented away from the catalytic 
domain. Four are positioned on the loops connecting strand 3 and 4 of blade I 
(Asn85), III (Asn179), IV (Asn279) and VI (Asn393). one on the loop connecting 
strand 1 and 2 of blade IV (Asn219), Figs. 23, 24. Intriguingly, out of these five 
potential glycosylation sites only Asn279 is actually posttranslationally modified which 

15 isinvolvedinthetetramerizatfonofDP IV. Further glycosylation sites are located on 
blade I (Asn92 at the end of strand 4), blade IV (Asn229 close to the tetramerization 
motif), blade V (Asn321 on the loop connecting strand 2 and 3), Fig 23, 24. Asn150 
oh the exit strand of blade II Is not actually modified in the crystals. 
The «hape of the DP IV-B8-propeller is asymmetric where blades VI. VII, VIII, I, and 

20 blades II, III, IV, V form more compact subdomains, respectively (Figs. 23, 25 B). 
The structural division of the Hwopeller fits physico-chemical data which indicated a 
three domain organization of DP IV (Lambeir, A M., Pereira. J. F. D., Chacon, P., 
Veimeulen, G., Heremans, K., Devreese, B., VanBeeumen, J., Demeester, 1. & 
Scharpe, S. (1997) Bloohlm. Bfophys. Acta 1340, 215-226.). The ellipsoidal tunnel 

25 through the propeller is continuously open. At the solvent exposed opening its 
diameter measures 9 A and 15 A from blade IV to VIII and from Wade II to VI, 
respectively. The tunnel widens towards the catalytic domain with opening diameters 
of 15 A and 25 A between the same pairs of propeller blades. By its dimensions, the 
tunnel allows for direct passage of an extended peptide, but not for a folded a-helix. 

30 Only few solvent molecules are visible in the tunnel, most remarkable a sulfate Is 
bound to the oxyanlon pocket formed by the amide nitrogens of Glu361 and Ile407 
andNe2ofHis363. 
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The Catalytic domain. The catalytic domain is located at the C-terminus of DP IV 
and spans residues Gln509 to Pro766. It adopts a typical o/p-hydroiase fold with a 
central 8 stranded p sheet, where only the second strand Thr522-Pro631 deviates 
from the otherwise parallel strand polarity, Fig. 23. The p-sheet exerts a significant 
5 twist of more than 90 degrees, in line with observations on related a/p-hydroleses. 
Within the catalytic domain a single disulfide bond Cys649-Cys762 crosslinks the O 
terminal helix Met746-Ser764 with the sixth strand of the p^sheet (Lys648nAla654), 
thus stabilizing its tertiary arrangement. Helix Met746-Ser764, together with helix 
Gln714-Asp725 and strand Asp729-Thr736 from the C-termlnal region, constitutes 
10 the central dimerization motif which Is further stabilized through an interaction 
contribirtedbytteoligomerizationbte 

The p-sheet is sandwiched by several ohelices, including helix Tyr831-Ala642 
immediately succeeding the catalytic Ser830. Ser830 is embedded in the 
surrounding secondary structure framework where it participates both in the 
15 preceding strand 4 (Arg623-Tip629) as well as in the following he&x Tyr631-Alae42. 
This causes a strained backbone conformation of the active site Ser630. The high 
energy confomiation of Ser630 is reflected by Hs dihedral angles fay) * (81.4, - 
115.7) and presumably provides a reservoir needed for catalysis (Gcettig, P., Groll, 
M., Kim, J.-S., Huber, R. & Brandstetter, H. (2002) EMBOJ. 21, 5343-5352.). 

20 

Active site and substrate recognition. The sequential and three-dimensional 
arrangement of the catalytic residues Ser830, Hls740, Asp708 corresponds to that of 
related a/p-hydrolases. The oxyanion hole is formed by the amide Tyr631 and the 
hydroxyl Ox\ of Tyr547 and serves to recognize and activate the carbonyl oxygen of 
25 the ^-residue. It is occupied by a water molecule In the uninhibited structure. To 
detail the exact mechanism of substrate recognition, the structure of a dipeptfd 
mimetic the kxJinated PheK^anopyrrolldlde inhibitor in complex with DP IV was 
determined (Fig. 26 A). The active site nucleophile, the hydoxyl residue of Ser830, 
forms a covalent bond with the scissile carbonyl carbon of the cyanopyrrolldlne of the 
30 Inhibitor. The bending of the linkage (Fig. 28 A) indicates the formation of a stable 
carbaminic acid adduct The pyrrolidine ring is accommodated by a hydrophobic 
pocket formed by side chains of Tyr666, Tyr862, Val711, Val656 and Trp659. While 
this environment Is almost perfectly suited for the imino add proline as Pi-residue, 
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the hydroxyl On. of Tyr662 would be correctly positioned to interact with the normal 
amide nitrogen of an amino acid in Pi. The inhibitor also unambiguously maps the 
Srsite. The Prcarbonyl oxygen gets trapped In an electrostatic sink formed by the 
side chains of Arg125 and Asn710. Glu205 and Glu206, and to a lesser extent the 

5 carbonyl oxygen of Glu205, interact with the free amino terminus of the Prresldue, 
thus determining the dipeptldyl "amino'-peptidase activity of the enzyme. It is, 
therefore, the B-propeller which provides essential determinants for Pz-recognition, 
namely Arg125, which is positioned on the hairpin loop between strands 2 and 3 of 
blade II and Glu205-Glu206, positioned on a short helical insertion within strand 1 of 

10 the B propeller blade IV. Ample space is available to accommodate voluminous side 
chains such as Tyr or Trp in P* Fig. 26 A. In our inhibitor the phenyl ring of the Pa- 
residue is iodated rather than hydroxylated. It forms an ionic interaction with Arg358, 
Fig 26 A. 

15 Substrata access to and product egress from the active site. The p-propelter 
domain covers the active site and thereby restricts the substrate access to It There 
are two possible routes to the active site, namely through the tunnel of the p-propeller 
and through a side opening. Similar as the propeller tunnel, the shape of the side 
entrance is oval with dimensions of 15 A and 22 A. The side opening to the active 

20 site is generated by the kinked blade arrangement of blade I and II; Figure 23. In 
POP, blades I and II are arranged more regularly and there is no side opening to the 
active site chamber. The distance from the protein surface to the active site 
measures 20 A and 37 A through the side opening and the propeller tunnel, 
respectively. From its dimensions, both routes give active site access to unfolded 

25 peptidic substrates, but the side entrance is significantly shorter and less winded. 
Once the substrate has been cleaved, two products have to leave the active site 
chamber. Clearly, the product exit route differs from the entrance to the active site. 

Based on the crystal structure model new functional characteristics of DP IV were 
30 identified and are part of the present invention. These new features of DP IV are: 

Ollgomerlzation of membrane-bound and soluble DP IV. Tetramerization on the 
cell surface involves, for geometric reasons, a membrane bound and a soluble DP IV 
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dimer pair or dimere located on the surface of two different ceils, as illustrated on 
Figure 23. DP IV Is known as a cell-cell communication molecule. Thus, the way DP 
IV is involved in mediating such cell-cell contacts may be by tetramerization of two 
homodimers present on the surface of interacting cells. Alternatively, soluble dimere 
5 can assemble to form a homotetramer, as observed in the crystal structure described 
above. The tetramer assembles to enclose a large cavity. Since tetramerization of 
DP IV depends on the correctly glycosylated propeller blade IV, glycosylatton could 
function as a qualify control unit 

Dlmerization is mediated by the three C-terminal secondary structure elements 
10 positioned on the catalytic domain, and a finger like insertion motif with|n strand 2 
and 3 of propeller blade IV. Furthermore, DP IV is known to form heterodimere with 
fibroblast activation protein a (FAPa, seprase). Like DP IV (FAPp), FAPa Jacks an N- 
temiinal extension as found in POP. Moreover, the essential elements of the DP IV- 
dimerizatJon motif are also present in FAPa, including the extension of strand 2 and 3 
15 of propeller blade IV. 

Functional role of oiigomerization. The crystal structure shows that dimerization is 
not required to complete the active site architecture of DP IV, as for example in the 
case of tricom (Brandstetter, H., Kim, J.-S., Groll, M. & Huber, R. (2001) Nature 414, 
466-469.). Instead, dimerization and tetramerization will afreet interaction with other 
20 components, including proteolytic substrates and ADA and mediate cell-cell contacts. 
Moreover, dimerization of DP IV is likely to enhance the receptor-iigand affinity by 
bivalent interaction. Finally, it is likely that dimerization is critical for signal 
transduction into the cell. 

Substrate preference and catalytic mechanism. The hydrophobic Si-pocket 
25 visualizes that proline is perfectly suited as a Pi-reskJue, although it will also fit other 
small uncharged residues such as alanine or serine, interestingly, the SreRe 
implements a mechanism to adapt to both imlno and amino acids in Pi-position. The 
hydroxy! On of Tyr662 is able to form a hydrogen bond with the Pi-amide nitrogen 
and thus optimally presents the substrate for catalysis. By contrast, the proper 
30 orientation of proline In Pi-position is achieved by its side chain interaction in addition 
to the binding to the oxyanion pocket In this situation, the hydroxyl of Tyr662 can 
slightfy reorient to form a hydrogen bond with the side chain 051 of Asn710, figure 26 
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A. The recognition of the Pa-residue is dictated by main chain interactions with two 
prominent anchor sites, namely Glu205-Glu206 which form a iwiivslngle salt bridge 
with the free amino terminus of the Pz-reskJue; and Arg125 together with N52 of 
Asn710 which stabilize and activate the Prcarbonyl oxygen. The Glu205-Glu206 

5 moW is highly conserved in the DP IV gene family and it has been shown by site 
directed mutagenesis to be essential for enzymatic activity. 
The role of the Pioxyanlon hole In activating the substrate's scissile bond is well 
established for all proteases. In the case of DP IV as a post-prollne processing 
enzyme an additional requirement has to be met to achieve efficient catalysis. 

10 Proline containing peptides can adopt in solution also cfc-peptide bond as well as 
tans-peptide bond conformation. However, as highlighted by the Inhibitor used in 
this invention, only a peptide In frans-confbrmation is able to productively bind to the 
active site. 

p-propeller architecture: The tunnel through the eight-bladed p-propeller widens 
15 from the surface towards the active site of DP IV. 

Substrate access to and product egress from the active site. Two openings of 
similar diameter, but differing length, give access to the active site. The situation in 
DP rf |V is most closely resembled by the tricom protease where a seven-bladed and 
six-bladed f>propelIer provide a separate entrance to and exit from the active site, 

20 respectively. Tricom protease is a serine protease with low but significant structural 
homology to the family of o/p-hydrolases. This similarity suggests that the p8- 
propdler provides substrate access to and the side opening product release from the 
DP IV active site. This trlcorn-dertved model Is able to explain the high substrate 
selectivity critical for DP IV-function to activate or inactivate regulatory peptides. 

25 Passage through the p-propeller tunnel requires the substrates to unfold thereby 
providing their finger print" to DP IV. Once the amino terminus of the peptide 
approaches the active site, it is still held in place by its C-terminus interacting with the 
p-propeller which then contributes to conformationally activate the substrate for 
cleavage. After the nucleophilic attack the acyl enzyme intermediate forms, while the 

30 primed product Is directly released through the side exit 

Interaction with other components. DP IV binds adenosine deaminase (ADA) to 
the T-cell surface, thereby preventing the cell from adenosine mediated inhibition of 
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proliferation. DP IV-ADA complex formation is presumably hydrophobicalty driven, as 
the complex dissociates at very low ionic strength. By using site-directed 
mutagenesis, Leu294 and Val341 were identified as two ADA binding sites (Abbott, 
C. A., McCaughan, G. W., Levy, M. T., Church, W. B. & Gonell, M. D. (1999) Eur J. 
5 Bloohem. 226, 798-810.). Leu294 and Val341 are positioned at the outer strand of 
the tetramerization blade IV and blade V, respectively. Therefore, ADA-binding will 
interfere with tetramerization. Similarly, the gJycosylation of Asn279 (Asn281 In the 
human sequence) is likely to influence ADA-bindlng. This teaches that 
tetramerization of DP IV and proper giycosylation of Asn279 serve as major control 
10 mechanism for ADA-binding 

DP IV as a target for drug design. The inhibitor structure used to establish the 
crystal structure of DP IV in the present invention identified important recognition 
elements at DP IVs active site and represents an excellent starting point for rational 
design of active site directed inhibitors. However, DP IVs involvement in a great 

15 variety of physiological processes poses a high challenge to avoid unwanted side 
effects for any DP IV drug development program. Ideally, it is possible now to target 
a particular DP IV substrate rather than the complete DP IV activity. Active site 
directed DP IV inhibitors, however, will interfere with the complete DP IV proteolytic 
activity and might even interfere with structurally related members of the ce-p 

H> hydrolase family. Non-active site directed inhibition strategies depict a solution to this 
problem. The sulfate bound to the oxyanion pocket within the 6 propeller tunnel 
formed by the amide nitrogens of Glu381 and Ile407 and Ne2 of His383. as indicated 
in figure 26 A, identified an excellent target point for the development of inhibitors that 



In the peptides, proteins and mutants shown, each encoded residue where 
appropriate is represented by a one-letter or a three-letter designation, corresponding 
to the trivial name of the amino acid, in accordance with usual practice. Examples of 
usual definitions are given in the following conventional Dst 



block substrate passage through the B propeller tunnel. 



25 



30 



Amino Acid 

Alanine 

Arginine 



One-letter Symbol 
A 
R 



Three-Letter Symbol 
Ala 
Arg 
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Asparagine 


N 


Asn 


Aspartic acid 


D 


Asp 


Cysteine 


C 


Cys 


Glutamine 


Q 


Gin 


Glutamic acid 


E 


Glu 


Glycine 


G 


Gty 


HisUdine 


H 


His 


Isoleucine 


1 


lie 


Leucine 


L 


Leu 


Lysine 


K 


Lys 


Methionine 


M 


Met 


Phenylalanine 


F 


Phe 


Proline 


P 


Pro 


Serine 


S 


Ser 


Threonine 


T 


Thr 


Tryptophan 


W 


Trp 


Tyrosine 


Y 


Tyr 


Valine 


V 


Val 


Selenocysteine 




Sec 



In a preferred embodiment of the present invention, a secondary binding site in the 
DP IV protein and/or DP IV-like enzymes is identified. More preferred, the existence 
of this secondary binding sHe can be used to influence the selectivity of the DP IV- 
catalyzed biodegradation of DP IV-substrates, e.g. alanine (GIP), proline (GRP) or 
serine (glucagon) substrates, dependent on the amino acid residue in the P1 position 
and dependent on the tertiary structure of the DP IV-substrates. Preferred DP IV- 
substrates, the biodegradation whereof shall be regulated according to the invention 
with compounds, which bind to the secondary binding site, are serine substrates. 

The regulation of the biodegradation of DP IV-substrates due to compounds, which 
bind to the secondary binding site, Is further dependent on the chain length of the 
substrates. Preferably, DP IV-substrates have a chain length of more than 5 amino 
acid residues, more preferably more than 10 amino add residues. Most preferred are 
substrates with more than 15 amino acid residues up to 70 amino acid residues. 
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Currently known substrates of DP IV are: 

Xaa-Pro peptides 

Tyr-melanostatin 
5 Endomorphin-2 

Enterostatin 

P-Casomorphin 

Trypslnogen propeptide 

Bradykinln 
10 Substance P 

Cortlcotropln-llke intermediate lobe peptide 

Gastrin-reieasing peptide 

Neuropeptide Y 

Peptide YY 
15 Aprotinin 

RANTES 

GCP-2 

SDF-1a 

SDF-^ 
20 MDC 
MCP-1 
MCP-2 
MCP-3 
Eotaxin 
26 IP-10 

Insulin-like growth fector-1 
Pro-collpase 
interieukin-2 
lnterleukin-1(3 
30 ^-Microglobulin 
Prolactin 
Trypslnogen 
Chorionic gonadotropin 
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Xaa-Ala peptides 
PHM 

GRH-(1-29) 
5 GRH-(1-44) 
GLP-1 
GLP-2 

Gastric inhibitory peptide 
Orexin B 

10 

Xaa-Ser peptides 

Orexin A 

In the most preferred embodiment of the present invention, compounds for the 
15 modulation of DP IV-catalyzed btodegradation of DP IV-substrates are provided, 
which compounds bind to the secondary binding site of DP IV or DP Mike enzymes. 
Such compounds are e.g. selected from the compounds of the formulas a) - d): 




20 



• 
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Furthermore, the present invention provides agents, which bind to both the active site 
and the secondary binding site of DP IV and DP IV-like enzymes and thereby 
simultaneously modulate the enzyme activity and substrate specificity of DP IV or DP 
5 IV-like enzymes. 

DP IV is present in a wide variety of mammalian organs and tissues e.g. the Intestinal 
brush-border (Gutschmldt S. et al.. "In situ" - measurements of protein contents in the 
brush border region along rat Jejunal villi and their correlations with four enzyme 
10 activities. Histochemistry 1981, 72 (3), 467-79), exocrine epithelia, hepatocytes, renal 
tubuli, endothefia, myofibroblasts (Feller A.C. et al.. A monoctonal antibody detecting 
dipeptidylpeptidase IV in human tissue. Virchows Arch. A. Pathol. Anat Histopathol. 
1988; 409 (2)583-73), nerve cells, lateral membranes of certain surface epitheOa, 
e.g. Fallopian tube, uterus and vesicular gland, in the luminal cytoplasm of e.g.. 
15 vesicular gland epithelium, and in mucous ceils of Brenner's gland (Hartel S. et al., 
Dipeptidyl peptidase (DPP) IV in rat organs. Comparison of Immurwhistochemistry 
and activity histochemistry. Histochemistry 1988; 89 (2): 151-61), reproductive 
organs, e.g. cauda epididymis and ampulla, seminal vesicles and their secretions 
(Agrawal & Vanha-Perttula, Dipeptidyl peptidases in bovine reproductive organs and 
20 secretions. Int J. Andrei. 1986, 9 (8): 435-52). In human serum, two molecular forms 
of dipeptidyl peptidase are present (Krepela E. et at. Demonstration of two molecular 
forms of dipeptidyl peptidase IV In normal hiimaft serum. Physiol. Bohemostov. 1983, 
32 (6): 488-96), the serum high molecular weight form of DP IV is expressed on the 
surface of activated T cells (Duke-Cohan J.S. et al., Serum high molecular weight 
25 dipeptidyl peptidase IV (CD26) is similar to a novel antigen DPPT-L released from 
activated T cells. J. Immunol. 1998, 158 (5): 1714-21). ft is also a goal of the present 
Invention to minimize possible side effects of currently available DP IV-inhibitors by 
the control and management of the DP IV substrate specificity for the selective 
treatment of a DP IV mediated disease. 



30 



In another preferred embodiment of the present invention, all molecular forms, 
homologues and epitopes of proteins showing DP IV or DP IV-like enzyme activity, 
from aB rnammaHan tissues and organs, also of those, which are undiscovered yet, 
are intended to be embraced by the scope of this invention. 
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Among the rare group of proline-specific proteases, DP IV was originally believed to 
be the only membrane-bound enzyme specific for proline as the penultimate residue 
at the amlno-terminus of the polypeptide chain. However, other molecules, even 
structurally non-homologous with the DP IV but bearing corresponding enzyme 
activity, have been identified. DP IV-like enzymes, which are identified so far, are eg. 
fibroblast activation protein o, dipeptidyl peptidase IV B, dipeptidyl aminopeptidas^ 
like protein, N-acetylated linked acidic dipeptidase. quiescent cell proline 
dipeptidase, dipeptidyl peptidase II, attractin and dipeptidyl peptidase IV related 
protein (DPP 8), DPL1 (DPX, DPS), DPP 9 and DPL2 (DPP 10) are described in the 
review articles by Sedo & Malik (Sedo & Malik. Dipeptidyl peptidase IV-like 
molecules: homologous proteins or homologous activities? Biochimica et Biophysics 
Acta 2001, 36506: 1-10) and Abbott & Gorrell (Abbott, CA & Qorrell, M.D., The 
family of CD26/DP IV and related ectopeptidases. In: Langner & Anserge (ed.). 
Ectopeptidases. Kluwer Academic/Plenum Publishers, New York, 2002. pp. 171* 
195), and in Qi, S.Y., Cloning and characterization of dipeptidyl peptidase 10, a new 
member of an emerging subgroup of serine proteases. 

Another preferred embodiment of the present invention comprises screening 
methods for agents which bind to the secondary binding site and/or modulate the 
selectivity and/or the activity of DP IV and/or DP IV-like enzymes. An agent according 
to the invention preferably binds to at least one secondary binding site of the DP IV or 
DP IV-like enzyme proteins. 

25 The screening method for agents of the secondary binding site comprises the 



15 



20 



a) Contacting at least one of that effectors with DP IV and/or a DP IV-like 
enzyme, preferably under conditions which permit binding there 

30 between; 

» 

b) Adding a substrate of DP IV and/or DP IV-Jike enzymes to said DP IV 
and/or DP IV-like enzyme; 

c) Monitoring the btodegradation of the substrate and/or measuring the 
residual DP IV and/or DP IV-like enzyme activity; 
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d) Correlating changes in the biodegradatlon and/or enzyme activity with 
the binding of said effectors to DP IV and/or DP IV-iike enzymes; and 

e) Identification of selectivity and/or activity modifying effectors. 

5 The agents selected by the above described screening method can work by 
regulating (increasing or decreasing) the biodegradatlon of at least one substrate of 
DP IV or the DP IV-like enzyme, preferably by the prolongation of the half-life of such 
substrate, most preferably by the inhibition of the biodegradatlon of such substrate. 

10 Conditions, under which binding between compounds and DP IV or DP IV-like 
enzymes are permitted, are described, e. g. in example 2. 

DP IV or DP IV-like enzymes as used in the screening method described above 
mean purified DP IV or DP IV-like enzymes from mammals, selected frpm but not 
15 restricted to human, monkey, mouse, rat etc., or DP IV or DP IV-like enzyme 
containing cells and cell lines from mammals, selected from but not restricted to 
i ) human, monkey, mouse, rat etc., or DP IV or DP IV-like enzyme containing cell 
extracts or body liquids e.g. liver extracts, blood plasma samples, blood serum 
samples, brain extracts etc., from such mammals. 

20 

• Preferably, an agent increases the selectivity and/or activity of DP IV or DP IV-like 
enzymes towards substrates by at least about 10, preferably about 50, more 
preferably about 75. 90 or 100% relative to the absence of the agent More 
preferably, an agent increases the selectivity and/or activity of DP IV or DP IV-like 
25 enzymes towards specific substrates by at least about 10, preferably about 50, more 
preferably about 75, 90 or 100% and prolongs the half live of the substrates in the 
serum or in the plasma of a mammal at least about 1fold, preferably about 2fbW, 
more preferably about Sfold, 4fbW or higher relative to the absence of the agent Most 
preferably, an agent increases the selectivity and/or activity of DP IV or DP IV-like 
30 enzymes in such a way that the half live of at least one substrate in the serum or in 
the plasma of a mammal Is Increased at least about 1f0ld, preferably about 2fold, 
more preferably about 3fold, 4fold or higher, most preferably complete inhibition of 
(i ) the degradation of such a substrate is achieved, relative to the absence of the agent 
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It is also preferred according to the invention that the agents modulate the interaction 
between DP IV or DP IV-like enzymes and binding proteins thereof. Binding proteins 
are proteins that bind other proteins in a non-covalent manner and thereby modulate 
their activity or serve as carriers of these proteins. Binding proteins of DP IV (CD26) 
5 identified so far include adenosine deaminase, two proteins of HIV, transactivator 
protein (tat) and the gp120 envelope protein, CD45, a membrane located tyrosine 
phosphatase, extracellular matrix proteins, such as collagen and fibronectJn, 
plasminogen and streptokinase, mannose 6-phosphat/insulin-like growth factor II 
receptor, the isoform NH3 of the Na + /H* exchanger from renal microvilly membranes 
10 and the thromboxane A2 receptor. 

Especially preferred are compounds or agents that prevent and/or inhibit the 
interaction between DP IV and/or DP IV-like enzymes and binding proteins of these 
enzymes. 

15 

According to another embodiment of the present invention, the selectivity and/or 
activity modifying effectors block the product release site of DP IV and/or DP IV-like 
enzymes. 

20 Further preferred are selectivity and/or activity modifying effectors, which prevent the 
tetramerization of DP IV and/or DP IV-like enzymes at the cell surface between a 
soluble DP IV dimer pair or dimers located on the surface of two different cells in a 
mammal. 

25 

Agents (also called compounds herein) can be pharmacological agents already 
known in the art or can be compounds previously unknown to have any 
pharmacological activity. The compounds can be naturally occurring or designed in 
the laboratory. They can be isolated from microorganisms, animals, or plants, and 
30 can be produced recombinant^, or synthesized by chemical methods in the art If 
desired, agents can be obtained using any of the numerous combinatorial library 
methods known in the art, including but not limited to, biological libraries, spatially 
addressable parallel solid phase or solution phase libraries, synthetic library methods 
requiring deconvolution, the "one-bead-orie-compound" library method, and synthetic 
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library methods using affinity chromatography selection. The biological library 
approach is limited to polypeptide libraries, white the other four approaches are 
applicable to polypeptide, non-peptide oligomer, or small molecule libraries of 
compounds. See Lam, Anticancer Drug Des., 1 2, 145, 1 997. 



Methods for the synthesis of molecular libraries are well known In the art (see, for 
example, De Witt et at., Proc. Natl. Acad. Scl. USA 90, 6909, 1993; Erb et al. Proa 
Nail. Acad. Scl. USA 91, 11422, 1994; Zuckermanrt et al., J. Med. Chem. 37, 2678, 
1994; Cho et al., Science 261, 1303, 1993 ; Carell et al., Angew. Chem. Int Ed. Engl. 

10 33, 2059, 1994; Carell et al., Angew. Chem. Int ed. engl. 33, 2081; Gallop et al., J. 
Med. Chem. 37, 1233, 1994). Libraries of compounds can be present in solution 
(see, e.g. Houghton, Bio Techniques 13, 412421, 1992) or on beads (Lam, nature 
354, 824, 1991) chips (Fodor, Nature 384, 555558, 1993) bacteria or spores (Ladner, 
US Patent 5,223,409), plasmids (Cull et al., Proc. Natl. Acad. Sci. USA 89, 

15 198851869, 1992), or phage (Scott & Smith, Science 249, 388390, 1990; Devlin, 
^Science 249, 404408, 1990); Cwirla et la., Proa Natl. Acad. Sci. 97, 63786382, 1990; 
Felici, J. Mot. Biol. 222, 301310, 1991; and Ladner, US Patent 5,223,409). 

High Throughput Screening 

20 Agents can be screened for the ability to bind to DP IV or DP IV-like enzymes or to 
affect DP IV or DP IV-like enzyme activity using high throughput screening. Using 
high throughput screening, many discrete compounds can be tested in parallel so 
that lame numbers of agents can be quickly screened. The most widely established 
techniques utilize 96-weil microliter plates. The well of the microliter plates typically 

25 require assay volumes that range from 50 to 500 ul. In addition to the plates, many 
instruments, materials, plpettora, robotics, plate washers, and plate readers are 
commercially available to fit the 96-well format. 

Alternatively, "Free format assays", or assays that have no physical barrier between 
30 samples, can be used. For example, an assay using pigment cells (melanocytes) In a 
simple homogeneous assay for combinatorial peptide libraries is described by 
Jayawickreme etal, Proa Natl. Acad. ScL USA 19, 161418 (1994). 
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Another example of a free format assay Is described by Chelsky, "Strategies for 
Screening Combinatorial Libraries: Novel and Traditional Approaches," reported at 
the First Annual conference of The Society for Biomolecular Screening in 
Philadelphia, Pa. (Nov. 710, 1995). Chelsky placed a simple homogenous enzyme 
5 assay for carbonic anhydrase inside an agarose gel such that the enzyme in the gel 
would cause a color change throughout the gel. Thereafter, beads carrying 
combinatorial compounds were partially released by UV LIGHT. Compounds that 
inhibited the enzyme were observed as local zones of Inhibition having less color 
change. 

10 

Yet another example is described by Salomon et al.. Molecular Diversity 2, 5763 
(1996). In this example, combinatorial libraries were screened for compounds that 
had cytotoxic effects on cancer cells growing in agar. 

15 Another high throughput screening method is described In Beutel et al., US Patent 
5,976,813. In this method, test samples are placed In a porous matrix. One or more 
assay components are then placed within, on top of, or at the bottom of a matrix such 
as a gel, a plastic sheet a filter, or other form of easily manipulated solid support 
When samples are introduced to the porous matrix they diffuse sufficiently slowly, 

20 such that the assays can be performed without the test samples running together. 

Binding Assays 

For binding assays, the agent is preferably a small molecule which binds to and 
occupies, the secondary binding site of DP PV or DP IV-iike enzymes, such that 
25 normal biological activity is changed or prevented. Examples of such small molecules 
include, but are not limited to, small peptides or peptide like molecules. 

In binding assays, either the agent of DP IV or the DP IV-like enzyme can comprise a 
detectable label, such as a fluorescent radioisotopic, chemiluminescerrt, or the 
30 enzyme is labeled, such as horseradish peroxidase, alkaline phosphatase, or 
iuciferase. Detection of an agent which is hound to DP IV or the DP IV-like enzyme 
can then be accomplished, for example, by direct counting of radioemmission, by 
scintillation counting, or by determining conversion of an appropriate substrate to a 
detectable product 
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Alternatively, binding of an agent to DP IV or a DP W-liks enzyme can be determined 
wHhout labelling elnw ot the interectonts. For example, a mlcrophystometer can be 
u&ed to detect binding of an agent with DP IV or a DP It*, enzyme. A 
, nMcraphyetometer (e.g., Cytosensor™, k an ana^co. 

^ a, whi* a «■ ac*es » environment ushg a W**-^""**^ . 
sensor (IAPS). Changes to this acldfflcaBon rate can be used as an Indicator of the 
interaction between an agent and DP IV or a DP IV-Uke enzyme (McConnel e* al., 
Sclei>ce267, 18061812, 1832). 

be accomplished using a technotogy such as raaMtora Btomotocula, interacton 

^ Jet. Cur, Opto Snx* Blot .. 699706. 1836, BIA Is . Ischncto,, tor 
» studying blospecHfc Interact in real tima.v^labelll^anyoffte.ntaracrants 
■JT*to--K Chan*, to toe optical phenomenon -face ptosmon rasonane* 
UK« be used as an Indicabon of raaWme . M be*«en biotogfca. 
molecules. 

2 „ to^anotoer aspect oftoe M. . DP IV or a DPIV-Wte enzyme can p. u»d» 
a -bait prateW to a two hybrid assay or hwhybrid essay (see. 
5.283.317: Zervoe - * Ce. 72. 223232. 1883; Madura ~ 
at, oncogene 3. 16331336. 1333; end Bra*WO84/10300), to 
which bind to or interact with toe DP IV or the DP hAflke enzyme and modulate Ha 

25 activity. 

The Iwo hybrid system is based on toe modular nature of most transcription factors, 
which consist of separable DNA binding and ac«««on <^ B *^^ 

30 enccdng DP Wore DP It*..*, can be fused to . '^^^ 
the DNA binding domain of a known transcription factor to 
oonstoKtt a DNA s«,uence that encorto. an untoenBtod p»Wr '«^»« 

i - »lHfclli1#-tiW^*--*'' - '*» 
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fcm. an protein dependent complex, the DNA binding and acSvabon domain. «*. 

(actor are brought into do*, ,JLi«, ™ onaomai ™o'the 

H may be desirable to immobilize either the DP iv nr np i\/ m 
ineurivwiKeenzyrneortheagertcanoebourxftoasolidsuD^ 

V""** non^ovalent linkage,, iM. abse^. „ pate Wading 

Example* o, auch hew. mlcroBter ^ 

wfcrooenWIugetubee. ™" .***> "d 

28 In one embodiment, the DP rv or DP IV-ffl«> a*™™ u . * , 

domain that allows the DP IV or DP^ZZ LTTr ****** ' 

wi ur i v-we enzyme to be bound to a solid Aim*/** 

8MaWon9 bead. (Stgma Chemfca.. « ^ 

«*— corona,,.. BMng ofthe tnta^Ca* can b. tW^nhod^^ 
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indirect*, as described above. A«emetH»V. the c-npte- « •» •»<""> ftom 
the solid support before binding Is determined. 

Other techniques for immobilizing proteins on a solid support also can be used in the 
ZnClys of the invention. For example, eHher DP IV or a DP m. enryme 
.rTi-i - ^ l^-M ~niugat.cn of ft* and 
Btotinyiated DP IV or DP IV-like enzymes or agents can be prepared from btotJn- 
NHS-(N-hydroxysuccinimlde) using techniques well known In the art (e.g. 
Z£Z ^Pierce Chemicals, Rockford. HI.) and immobinzed in 
^Iln^ated 96 well plates (Pierce chemical). Alternatively, antibodies^* 

ralired binding site, such as secondary binding site or ^es^ cf DP^ 
or the DP IV-like enzyme, can be denvattzed to the wells of the plate. Unbound 
targets or proteins can be trapped in the wells by antibody conjugation. 



Examples for commercial available antibodies 
instance: 



against DP IV or CD£6 are for 



Company 



Clone 



\ Species 
(antigen) 

ltim&n 



Application 



Host 



IF.FACS 



Mouse 
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GST-JmmfcBad complexes, include Immunodeteefcn of complex*, uslno 
Screening fix agents which bind to OP IV or a DP iv-tike enzyme also can be carried 

15 Enzyme Assays 

OPIVor DP fV-8ke enzyme. DP IV actrvfty can be measured, tor example as 

Further 6n. a screening method for the Went^ 

5 ^^Nl ««hod for secondary binding sftefe) of DP IV andtor DP IV-Kce 
enzymes comprises the following steps: 

a) Providing two or more different substrates, each having an amino acid 
sequence, which binds to DP IV and/or DP IV-Hke enzymes and 
aligning the amino acid sequences of said substrates; 

b) Identifying at least one consensus sequence amongst said substrate 
amino acid sequences; 

c) Synthesizing a peptide having said consensus sequence; 
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d) Contacting said synthesized peptide with DP IV and/or a DP IV-IIke 
enzyme; 

e) Adding a substrate of DP IV and/or a DP IV-IIke enzyme to the DP IV 
and/or DP IV-IIke enzyme; 

f) Monitoring the blodegradatlon of the substrate and/or measuring the 
residual DP IV and/or DP IV-IIke enzyme activity; and 

g) Correlating changes in said biodegradatfon and/or enzyme activity with 
the presence of a secondary binding site capable of modulating the 
substrate specificity of DP IV and/or DP IV-like enzymes. 

Consensus sequences are highly conserved sequence segments. Preferred 
according to the invention are consensus sequences with the length of 3 tp 20 amino 
acids, more preferred of 5 to 12 amino acids, most preferred 5 to 7 amino acids. 

in another Blustrative embodiment of the present invention, the agents, which bind to 
the secondary binding site. e.g. obtained or selected by the screening method 
described herein/can be used alone or in combination with DP ^-inhibitors for the 
treatment of any type of DP IV mediated disorders, selected but not restricted to, 
impaired glucose tolerance, glucosuria, lipid disorders, dyslipidemte, hyperlipidaemia, 
r^pertriglyceridemia, hypercholesterolemia, tow HDL levels, high LDL levels, 
metabolic acidosis, hyperglycemia, diabetes mellitus, diabetic neuropathy and 
nephropathy and of sequelae caused by diabetes mellitus in mammals. meteboBsm- 
related hypertension and cardiovascular sequelae caused by hypertension in 
mammals, for the prophylaxis or treatment of skin diseases and diseases of the 
mucosae, autoimmune diseases and inflammatory conditions, and for the treatment 
of psychosomatic, neuropsychiatry and depressive illnesses, such as anxiety, 
depression, steep disorders, chronic fatigue, schizophrenia, epilepsy, nutritional 
disorders, spasm and chronic pain, atherosclerosis and rts sequelae, vascular 
restenosis, irritable bowel syndrome, inflammatory bowel disease. Including Crohn's 
disease and ulcerative colitis, other inflammatory conditions, pancreatitis, abdominal 
obesity, neurodegenerative disease, retinopathy, nephropathy, Syndrome X, ovarian 
hyperandrogenism (polycystic ovarian syndrome), growth hormone deficiency. 
r»eiitropenia, tumor metastasis, benign prostatic hypertrophy/gingivitis, osteoporosis, 
and other conditions. 
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Agents such as ^substituted glycyl>-2<yanopyrrolidlnes, L-ttmclsoteucvl 
thlazolidlne (P32/98), L-aZ/cisoleucyl thiazolidine, L-^isoleucyl pyrrolidine and Z 
eflb-isoleucyl pyrrolidine have been developed which inhibit the enzymatic activity of 
5 DP iV and are described in US 6, 001, 155. WO 99/61431, WO 98/67278 WO 
99/67279, DE 198 34 591, WO 97/40832, DE 196 16 488 C 2, WO 98/19998' WO 
00/07617. WO 99/38501. and WO 99/46272. Further examples of low molecular 
weight dipeptfdyl peptidase IV Inhibitors are agents such as tetrahydrofeoqulnonn-3- 
carboxamlde derivatives. hha,bstituted 2^yanopyrotes and -pyrrolidines. N-(N'- 
0 substituted glycyO-2-^opyrrolldines. N-(substituted glycylHnlazolidines N- 
(substltuted glycylH^yanothlazolldines. amincH*yH^^ 
cyclopropyMused pyrrolidines. Inhibitors of dlpeptidyj peptidase IV are described In 
US 6.380.398. US 6.011.155; US 6.107,31 7 ; US 6,110,949; US 6,124.305' US 
6.172.081; WO 95/15309. WO 99/61431, WO 99/67278, WO 99/67279 P E 198 34 
591, WO 97/40832, DE 196 16 486 C 2, WO 98/19998. WO OVD7617 WO 
99/38501, WO 99/46272, WO 99/38501, WO 01/68603, WO 01/40180* WO 
01/81337, WO 01/81304, WO 01/55105, WO 02/02580 and WO 02/14271 WO 
02/04610, WO 02/051836, WO 02/068420, WO 02/076450; WO 02V083128* WO 
02/36541, WO 03/000180, WO 03/060181, WO 03/000250. WO OS/DO^ WO 
03/002531, WO 03/002553, WO 03/002593. WO 03/004496, WO 03/004496, WO 
03/024965, WO 03/024942. WO 03/035087, WO 03/037327, WO 03/035057 WO 
03/045977, WO 03/055881, WO 03/88748. WO 03/88757, WO 03/057666' WO 
03057144. WO 03/040174 and WO 03/033524. the teachings of which are herein 
Incorporated by reference in their entirety concerning these inhibitors, their uses, 
definition and their production. The goal of these agents Is to inhibit DP IV, and by 
doing so. to relieve effectively any type of DP IV-mediated disease. The inventors of 
the present invention have surprisingly found that such agents can be 
advantageously employed for an entirely different therapeutic purpose then 
previously known by those skilled in the art 

Preferred for the use in combination with agents binding to the secondary binding site 
of DP IV or DP IV-like enzymes are DP inhibitors such as valine pyrrolidide (Novo 
Nordfek). NVP-DPP728A ( H UH {^^M^lno^a^acm-^ 
cyano-(SH,ynondine) (Novartis) as disclosed by Hughes at at. Biochemistry. 38 (36) 
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11597-11603, 1099, LAF-237 (H(3-hydroxy-aa^nt-1-^^ 
2(S)-carbonltrile); disclosed by Hughes et al.. Meeting of the American Diabetes 
Association 2002, Abstract no. 272 or (Novartls), TSL-225 (tryptophyHZ3.4- 
tetrahydrols«»ulnoline-3<arboxy1lc acid), disclosed by Yamada et al.. Bloorg. & 
Med. Chem. Lett. 8 (1998), 1537-1540, 2-cyanopynolldides and 4-cyanopyrrolidldes 
as disclosed by Asworth et al.. Bloorg. & Med. Chem. Lett. 6, No. 22, pp 1103-1166 
and 2745-2748 (1996). FE-999011. disclosed by Sudre et al., Diabetes 51 (5), pp 
1461-1469 (2002) (Ferring) and the compounds disclosed in WO 01/34594 (Guilford), 
employing dosages as set out in the above references. 

In one especially illustrative embodiment, the present invention relates to the use of 
agents, which bind to the secondary binding sitefe) of DP IV or DP IV-like enzymes In 
combination with dipeptide-like compounds and compounds analogous to dipeptide 
compounds that are formed from an amino acid and a thlazolidine or pyrrolidine 
group, and salts thereof, referred to hereinafter as dipeptide-like compounds. 
Preferably the amino acid and the thiazolidlne or pyrrolidine group are bonded with 
an amide bond. 

Especially suitable for that purpose according to the invention are dipeptide-like 
compounds in which the amino acid is preferably selected from a natural amino acid, 
such as, for example, leucine, valine, glutamine. glutamic acid, proline, Isoleucine, 



The dipeptide-like compounds used according to the Invention exhibit at a 
concentration (of dipeptide compounds) of 10 uM, a reduction in the activity of 
plasma dipepfidyl peptidase IV or DP IV-anaJogous enzyme activities of at least 10 
%, especially of at least 40 %. Frequently a reduction m activity of at least 60 % or at 
least 70 % is also required. Preferred agents may also exhibit a reduction In activity 
of a maximum of 20% or 30%. 

Preferred compounds are N-valyi prolyl, O-benzoyI hydroxylamlne. atenvl pyrrolidine. 
Isoleucyl thiazolidlne like L-allo-isoleucyl thlazolidine, L-threo-isoleucvl pyrrolidine and 
salts thereof, especially the fumaric sate, and L-aHc-isoteucyl pyrrolidine and salts 
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thereof. Especially preferred compounds are glutamfnyl pyrrolidine and giutamlnyl 
thiazolidfne of formulas 1 and 2: 



V 

H a N- CH 




d) 



HjN CH V^* S 

(2) 

10 Further preferred compounds are given In Table 6. 

The salts of the dipepttde-llke compounds can be present in a molar ratio qf dipepfide 
(-analogous) component to salt component of 1 : 1 or 2 : 1. Such a salt Is, for 
example, (lle-Thlak fumaric acid. 
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Table 8: Structures of further preferred dlpeptlde compounds 



DPIV-lnhlbltor 

H-Asn-pyrrolidine 

H-Asn-thiazolidine 

H-A8p-pyrrolidine 

H-Asp-thiazolidine 

l+Asp(NHOH)-pyrrolldine 

l+Asp{NHOH)-thiazolldine 

H-Glu-pyrrolidine 

H-Glu-thlazolidine 

H-6lu(NH0H)-pyrrolldine 

H-Glu(NHOH)-thlazolidine 

H-His-pyrrolidine 

H-His-thiazolidlrie 

H-Pro-pyrrolidine 

H-Pro-thiazolidine 

H-lle-azididine ~~ 

W4te-pyrrolidine """™~ 

H-L-a//o-lle-thiazolidlne 

H-Val-pyrrolidine " 

H-Vakhfazolidine 



In another preferred embodiment, the present invention provides the use of agents 
binding to the secondary binding site(s) of DP IV or DP IV-like enzymes In 
combination with substrate-like peptide compounds of formula 3 useful for 
competitive modulation of dipeptidyl peptidase IV catalysis: 
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wherein 

A, B, C, D and E are independently any amino acid moieties including 
5 proteinogenic amino acids, noivproteinogenlc amino acids, L-amino acids and D- 
amino acids and wherein E and/or D may be absent 

Further conditions regarding formula (3): 

0 A is an amino acid except a D-amino acid, 

B is an amino add selected from Pro, Ala, Ser, Gly, Hyp, aceMne^2>^rt>oxyfic 
acid and pipecolic add, 

C is any amino acid except Pro, Hyp, acetidine-(2>cart)oxylic acid, pipecolic acid 
and except N-alkyiated amino adds, e g. N-methyl valine and sarcosine, 
> D is any amino acid or missing, and 
E is any amino acid or missing, 



or 



20 



25 



C is any amino add except Pro, Hyp, acetldine-(2)^»rboxyltc add, pipecolic acid, 
except N-alkylated amino acids, e.g. N-methyl valine and sarcosine, and except 
a D-amino-add; 

D is any amino acid selected from Pro, Ala, Ser, Gly, Hyp, acetidine-(2)- 
caiboxyflc acid and pipecolic acid, and 

E is any amino acid except Pro, Hyp, acetidine^2)^arboxyiic add, pipecolic add 
and except N-alkylated amino adds, e.g. N-methyl valine and sarcosine. 



Examples of amino adds which can be used in the present invention are: L and D- 
amino acids, NHnethyJ-amino-adds; alio- and threo-forms of lie and Thr, which can, 
30 e.g. be a-, ft- or ©-amino acids, whereof a-amino acids are preferred. 

Examples of amino adds throughout the claims and the description are: aspartic 
add (Asp), glutamic acid (Glu), arginine (Arg), lysine (Lys), hbtldlne (His), glycine 
(Gly), serine (Ser) and cysteine (Cys), threonine (Thr), asparagine (Asn), glutamlne 



WO 2004/031374 



56 



PCT/EP2003/010408 



(Gin), tyrosine OVr), alanine (Ala), proline (Pro), valine (Val), teoleucine (lie), leucine 
(Leu), methionine (Met), phenylalanine (Phe), tryptophan (Trp), hydroxyproline (Hyp), 
beta-alanlne (beta-Ala), 2-amino octanoic add (Aoa), azeMne-{2)-carboxylic acid 
(Ace), pipecollo acid (Pip), 3-amino propionic, 4-amino butyric and so forth, alpha- 
amlnoteobutyric acid (Alb), sarcosine (Sar),. ornithine (Om), citrulline (Cft), 
homoarginlne (Har), t-butylalanine (rtutyKAla), t-butylglycine (r-butyW3Iy), N- 
methylisoleuclne (N-Melle), phenylglyclne (Phg), cyclohexylalanine (Cha), norteucine 
(Nle), cystelc acid (Cya) and methionine sulfoxide (MSO), AcetyWLys, modified 
amino acids such as phosphoryl-eerlne (Ser(P)), benzyi-serine (8er(BzD) and 
phosphoryMyrosine (Tyr(P)), 2-aminobutyric acid (Abu), aminoethylcysteine (AECys), 
caiboxymethylcysteine (Cmc), dehydroalanine (Dha), dehydroamino-2-butyric acid 
(Dhb), carboxyglutaminic acid (Gla), homoserine (Hse), hydroxylyslne (Hyl), cfe- 
hydroxyproline (c/sHyp), frans^iydroxyproline (finansHyp), isovaline (Iva), 
pyroglutamic acid (Pyr), norvaline (Nva), 2-aminobenzoic acid (2-Abz), 3- 
aminobenzoic acid (3-Abz), 4- aminobenzoic acid (4-Abz), 4-(aminomethyl)benzoic 
acid (Amb), 4^aminomethy0cyclc^xanecart>oxyllc acid (4-Amc), Penicillamine 
(Pen), 2-Amino-4-cyanobutyric acid (Cba), cycloalkane-carboxylic aicds. 

^Examples oftu-amino acids are e.g.: 5-Ara (aminoraleric acid), 6-Ahx (aminohexanoic 
acid), Q-Aoc (aminooctanoic atod), *Anc (aminovanoic aipd), 10-Adc (arninodecanoic 
acid), 11^Aun (aminoundecanoic acid), 12-Ado (aminododecanoic acid). 

Further amino acids are: indanylglycine (Igl), indoline-2-carboxylic acid (Idc), 
octahydroindole*<x^xyHc acid (Oic), diaminopiopionic acid (Ppr), diaminobutyric 
acid (Dbu), naphtylalahine (1-Nal), (2-Nal), 4-aminophenylalanin (Phe(4-NH2)), 4- 
benzoylphenylalanine (Bpa), ^phenylalanine (Dip), 4-bromophenylalanine (Phe(4- 
Br)), 2-chlorophenylalanlne (Phe(2-CI)). 3^hlorophenylalanlne (Phe(3-CI)), 4- 
chiorophenyialanine (Phe(4-CI)), 3,4^lorophenylalanine (Phe (3.4-CI2)), 3- 
fluorophenylalanine (Phe(3-F)). 4- fluorophenylalanlne (Phe(4-F)) f 3,4- 
fluorophenylalanlne (Phe(3,4-F 2 )), pentafluorophenylalanlne (Phefo)), 4- 
guanldinophenylaianine (Phe(4-guanidino)), homophenylalanine (hPhe), 3- 
jodophenylalanine (Phe(3-J)). 4 jodophenylaJanine (Phe(4-J)), 4-methylphenylalanine 
(Phe(4-Me)), 4-nftiophenylalanine (Phe^-NO*)), blphenylalanine (Blp), 4- 
phosphonomehtylphenylalanlne (Pmp) r cycJohexyglycine (Ghg), 3-pyridinylalanlne (3- 
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Pal). 4-pyridlnylalanlne (4-Pal), 3,4-dehydroprollne (A-Pro), 4-ketoprollne (Pro(4- 
keto)), thioprollne (Thz), isonipecotic acid (Inp), lAM.^etrahydroteoqulnolln^ 
carboxylic acid (Tic), propargylglydne (Pre), 6-hydroxynorteuclne (NU(6-OH)), 
homotyroslne (hTyr). 3-jodotyrosfne (Tyr(3-J)), 3,5-dMotyrosine (Tyn&S-Ja)), * 
methvWyroslne (Tyr(M©)), 3-NOHyrosine (TvrtS-NOa)), phosphotyrosine 
CWQaHx)), alkylglycine. 1-aminolndane-1-carboxy acid, 2-aminoindana-2-carboxy 
acid (Ale), 4-aminwnethylpyrrol-2-cart)oxyiic acid (Py), 4-aminc-pyrrolldine-2- 
carboxylic acid (Abpc), 2^mln<)tetfaline-2^art)oxylfe acid (Ate), diaminoacetio ackt 
(GWttfe)), diaminobutyrfc acid (Dab), 1.3<lihydro-2H48oInole<arboxylfc acid (Disc), 
homocylccbexylalanln (hCha), homophenylalanin (hPhe Oder Hot), Jranp-3-phenvl- 
azetkJine-2-carboxync acid, 4-phenyi-pyrrolidine-2-cart)oxyHc acid, 5-phenyt- 
pyrrolidine-2-cart>oxyiic acid, 3-pyridylalanine (3-Pya), 4-pyridyialanina (4-Pya), 
styrylalanine, tetrahydroisoquinoline-1-carboxylic acid (Tiq), 1,2,3,4- 
tetrahydrohorharmane-3-carboxylic acid (Tpi), IH2-mienryl)-alanine (Tha). 

Other amino acid substitutions for those encoded in the genetic code can also be 
included In peptide compounds within the scope of the invention and can be 
classified within this general scheme. 

Protelnogenic amino acids are defined as natural protein-derived a-amino adds. 
Non-proteinogenic amino acids are defined as all other amino acids, which are not 
building blocks of common natural proteins. 

The resulting peptides may be synthesized as the free C-termihal acid or as the C- 
termlnal amide form. The free acid peptides or the amides may be varied by side 
chain modifications. Such side chain modifications include for instance, but are not 
restricted to, homoserine formation, pyroglutamic acid formation, disuiphide bond 
formation, deamidation of asparagine or glutamine residues, methyiation, t-butylation, 
t-butyioxycarbonylation, 4-methyibenzylatfon, thloanysliatJon, mtocresytation, 
benzyloxymethylation, 4-nitrophenvlation, benzytoxycarbonylation, 2- 
nftrobencoylation, 2-nttrosulpherrylation, 44ohienesulphonytation, 

pentafliiorophenyiatJon, diphenylmethylation, 2-chiorobenzytoxycarbonylatlon, 2,4,5- 
trkfctorophsnylatton, 24>rorrK>benzyic*yc^ 9- 

fluorenylmethyloxycarbonylation, triphenylmethyiafion, 2,2,5,7,8,- 
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pentamethylchroman-^ulphonylation, hydroxylation, oxidation of methionine, 
fbrmyiation, acetylation, anisylatlon, benzyiation, bencoylation, trifluoroacetylation, 
carboxylation of aspartic acid or glutamic acid, phosphorylation, sulphation, 
cystelnylation, glycolysation with pentoses, deoxyhexoses, hexosamines, hexoses or 
5 N-acetylhexosamlnes, famesylation, myristolysatlon. biotlnylatlon, palmHoylation, 
stearoylation, geranylgeranylation, glutathionylation, 5'*denosylation, ADP- 
ribosylatlon, modification with N-glycolylneuramlnic acid, N-acetylneuraminic acid, 
pyridoxal phosphate, lipoic acid, 4 , -phosphopantetheine, or N-hydroxysucclnimide. 

10 In Ihe compounds of formula (3), the amino acid moieties A, B, C, D, and E are 
respectively attached to the adjacent moiety by amide bonds in a usual manner 
according to standard nomenclature so that the amino4erminus (N-termipus) of the 
amino acids (peptide) is drawn on the left and the carboxyl-terminus of the amino 
acids (peptide) is drawn on the right (C-terminus). 

15 

Until the present invention by Applicants, known peptide substrates of the protine- 
speciflc serine protease dipeptidyl peptidase IV in vitro are the tripeptidea Diprotin A 
(lle-Pro-lle), Diprotin B (Val-Pro-Leu) and Diprotin C (Val-Pro-lle). Applicants have 
unexpectedly discovered that the compounds disclosed herein above and below act 
20 as substrates of dipeptidyl peptidase IV in vivo In a mammal and, in pharmacological 
doses, improve insulin sensitivity and islet signaling and alleviate pathological 
abnormalities of the metabolism of mammals such as glucosuria, hypertipldaemia, 
metabolic acidosis and diabetes mellitus by competitive catalysis. 

25 Preferred peptide compounds are listed in table 7. 
Table 7: Examples of peptide substrates 



Peptide 


Mass (calc.) 


Mass (exp.) 1 
|M+H*] 


2-Amino octanoic acid-Pro-lle 


369.5 


370.2 


Abu-Pro-lle 


313.4 


314.0 


Aib-Pro-ile 


313.4 


314.0 
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. 1 Aze-Pro-lle 


311.4 


I 312.4 I 


. J Cha-Pro-lle 


381.52 


382.0 | 


| lle-Hyp-He 


356.45 


I 3582 


| lle-Pro-a/fo-lle 


341.4 


1 3420 


J lie-Pro-f-butyl-Gly 


341,47 


342 36 1 


1 Ite-Pio-Val 


327.43 


328 6 


1 Nle-Pro-lle 


341.45 


I ' 342.2 i 


j Nva-Pro-lle 


327.43 


328.2 1 


1 Om-Pro-lle 


342.42 


1 343 1 I 

I I 


1 Phe-Pro-lle 


375.47 


j 376.2 


j Phg-Pro-lle 


361.44 


| 3622 | 


j Plp-Pro-lle 


338.56 


! ' 340.0 | 


| SerfBzO-Pro-lle 


405.49 


| 406.0 ] 


[_ Ser(P)-Pro-lle 


395.37 


1 3960 1 


j Ser-Pro-lle 


315.37 


3163 I 


I f-butyl-Gly-Pro-D-Val 


327,4 


328 6 


j f-butyl-Gly-Pro-Gly 


285.4 


286 3 


j f-butyl-Gly -Pro-lie 


341.47 


342 1 I 


1 «>ulyl-Gly-Pro-lle-amlcle 


340.47 


341.3 j 


j f-butyM3ly-Pro-f-butyl-Gly 


341.24 | 


342.5 ] 


1 M>utyl-Gly-Pro-Val 


327.4 


328.4 


I" Thr-Pro-lle 


329.4 


330.0 


1 Tic-Pro-lle 


387.46 


388.0 


Trp-Pro-lle 


414.51 


415.2 


J Tyi{P)-Pro-lle 


471.47 I 


472.3 | 


J Tyr-Pro-a/to-lle 


391.5 


392.0 | 


J Val-Pro-a/fo-lle 


327.4 


328.5 j 


j VaJ-Pro-f-butyi-Gly 


327.4 I 


328.15 j 


[ Val-Pro-Val 


313.4 


314.0 I 



1 [M+H*] ware determined by Electrospray mass spectrometry In positive ionization 
mode. 
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f-butyl-Gly is defined as: 

. X 

£ 

-t- 

5 SMBz.) and Ser(P) are defined as bwzyMartn. and phoeplwyteerine. 
respectively. TyrtP) is defined 88 phosphoryl-tyroslne. 

m combination win, agents binding to the secondary binding stte(s) erf DP IV or DP 
10 iv^eiizytiies,atepep«dylketor^ot1c«rnula4: 




and rAaitnaeeufically acceptable salts thereof, wherein: 



1S A beelectodfrom the fotowing structures: 




la -V ■ J, 



wherein 

X 1 is H or an acyl or oxycarbonyl group including an'amlno add residue. M- 
protected amino acid residue, a peptide residue or a N-protected 
20 peptide residue, 
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>2 H. m*Wy Mtm . Z4a -CjHsN-Y (.^ 
residue) and Y n selected (him H, Br, CI, I, NQ, or CN, 

fj"" ZTT* fr0mana ' ky, -' alk0 ^ ha ^". "too-, cyaro- or carboxy- 
carboxy-substftutedpyridyl residue, 

s2sTL Se, ^ fr ° man ^ a ' k0Xy -' ha,0gen "- ^cyano-ordarboxy- 
substltuted phenyf or from an alkyK alkoxy-, halogen-, nitre-, cyanc or 
carboxy- substituted pyrklyl residue, 

X 6 Is H or an alkyl, alkoxy or phenyl residue, 

^ Is H or an alkyl residue, 

forn=?1 

X is selected from: H, OR* SR* NR 2 ^, mWr*. 

** r ^ which are optionally substituted with a.kyl, 
cydoalkyl, aryl or heteroary, residues, or for amino acid residues or peptWte 
rescues, or alky, residues, which are optionally substituted with 
cydoalkyl, aryl or heteroaryl residues, M ' 

K^ands or acy. residues. — n^p**.^ 

rated or unsaturated carbocycllc or heterocyclic ring, 

saturated or unsaturated carbocyclic or neteiocyciic ring, 
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for n ■ 0 
X is selected from: 






wherein 

5 B stands for. O, S or NR B , wherein R 5 is H, alkyl or acyl, 

C D, E, F, G, Y, K, L, M, Q, T, U, V and W are independently selected from 
^kyl and substituted alkyl residues, oxyalkyl, thioalkyl. jmMnoalkyl. 
carbonylalkyl, acyl, carbamoyl, aryl and heteroaryl residues, and 

10 Z is selected from H, or a branched or straight chain alkyl residue from C1-C9, a 
branched or straight chain alkenyl residue from CrC a cydoalkyl residue from C*- 
C 8 , a cycloalkenyl residue from Cs-Cr, an aryl or heteroaryl residue, or a side chain 
selected from all side chains of all natural amino acids or derivatives thereof. 

15 In preferred compounds of formula 4, A is 



wherein 

X 1 is H or an acyl or oxycaibonyl group Including an amino acid residue, N- 
acylated amino acid residue, a peptide residue from di- to 
pentapeptides, preferably a dipeptide residue, or a protected peptide 
residue from di- to pentapeptides, preferably a N-protected dipeptide 
residue 
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X 2 is H. -(CHJm-NH-CeHsN-Y with m = 2-4 or -C 6 H 3 N-Y (a divalent pyridyl 
residue) and Y is selected from H, Br, CI, I, NO* or CN, 



5 for n - 1 

X is preferably selected from: H, OR 2 , SR 2 , NR 2 R 3 , wherein: 

R 2 stands for acyl residues, which are optionally substituted with alky! 
cycloalkyl, aryl or heteroaryl residues, or for amino acid residues or peptidfc 
residues, or alkyi residues, which are optionally substituted with alkyl 
10 cycloalkyl, aryl or heteroaryl residues, 

R 3 stands for alkyl or acyl residues, wherein R 2 and R 3 may be part of a satu- 
rated or unsaturated carbocyclic or heterocyclic ring, 



15 tor n = 0 

X is preferably selected from: 



20 






wherein 

B stands for 0, 8 or NR* wherein R 8 is H, alkyl or acyl, 
C, D, E, F, G, Y, K, L, M and Q are independently selected from alkyl and 
substituted alkyl residues, oxyalkyl, thloalkyl, amlnoalkyl, carbonyjalkyi, acyl, 
carbamoyl, aryl and heteroaryl residues, and 



Z is selected from H, or a branched or straight chain alkyi residue from CrC 
25 preferably Cr Ce. a branched or straight chain alkenyl residue from CrC, a 
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cycloalkyi residue from CyCa, a cycloalkenyl residue from C5-C7, an aryl or heteroaryl 
residue, or a side chain selected from all side chains of all natural amino acids or 
derivatives thereof. 

5 In more preferred compounds of formula 4, A is 




wherein 

X 1 is H or an acyl or oxycarbonyl group including an amino acid fesldue, N- 
10 acylated amino acid residue or a peptide residue ftpm di- to 

pentapeptides. preferably a dipeptide residue, or a N-protected peptide 
residue from di- to pentapeptides, preferably a N-protected dipeptide 
residue 

15 fern »1, 

X is preferably selected from: H, OR 2 , SR 2 . wherein: 

R 2 stands for acyj residues, which are optionally substituted with alkyl or aryl 
residues, 

20 

forn*0 
X is preferably selected from: 
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wherein 

B stands for O, S or NR 5 , wherein R 6 is H, alkyi or acyl, 
C, D, E, F, G, Y, K. L, M and Q are independently selected from alkyi and 
substituted alkyi residues, oxyalkyl, thioalkyl, aminoalkyl. carbonylalkyl, acyl, 
carbamoyl, aryl and heteroaryl residues, and 



Z is selected from H, or a branched or straight chain alkyi residue from d-C* 
preferably Ca- Ce, a branched or straight chain alkenyl -residue from CrC* a 
cycloalkyl residue from QrC* a cydoalkenyl residue from Cs-C* an aryl or heteroaryl 
residue, or a side chain selected from all side chains of all natural amino acids or 
derivatives thereof. 

In most preferred compounds of formula 4, A is 




wherein 

X 1 is H or an acyl or oxycarbonyl group including an amino add residue, N- 
acylated amino acid residue or a dipeptide residue, containing a Pro or 
Ala in the penultimate position, or a N-protected dipeptide residue 
containing a Pro or Ala in the penultimate position, 



fbrn«1, 

25 

XisH, 
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for n « 0 
X is preferably selected from: 

-o( :6c 

5 wherein 

B stands for. O or 8, most preferably for S 
C, D, E, F, G, Y, K, L, M. Q, are H and 

Z is selected from H, or a branched or straight chain alkyl residue from C3-C3, a 
10 branched or straight chain alkenyl residue from C2-C9. a cydoalkyl residue from C5- 
C 7 , a cycloalkenyt residue from Ce-C 7 , an aryl or heteroaryl residue, or a side chain 
selected from all side chains of all natural amino acids or derivatives thereof. 
Most preferred for Z is H. 

15 According to a preferred embodiment the acyi groups are Ci-Ceracyl groups. 

According to a further preferred embodiment the alk(yl) groups are Qi-Ce-alk(yl) 
groups, which may be branched or unbranched. 

According to a still further preferred embodiment the alkoxy groups are d-Ce-alkoxy 
groups. 

20 According to yet another preferred embodiment the aryl residues are C5-C12 aryl 
residues that have optionally fused rings. 

According to a still further preferred embodiment the cydoalkyl residues 
(carbocycles) are Cs-Co-cydoalkyl residues. 

According to another preferred embodiment the heteroaryl residues are C4-C11 aryl 
25 residues that have optionally fused rings and, in at least one ring, additionally from 1 
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to 4 preferably 1 or 2 hetero atoms, such as O, N and/or 8. 

According to a further preferred embodiment peptide residues are corresponding 
residues containing from 2 to 50 amino acids. 

According to another preferred embodiment the heterocyclic residues are CVCr 
cycloalkyl radicals that additionally have from 1 to 4, preferably 1 or 2 hetero atoms, 
such as 0, N and/or S. 

According to astill further preferred embodiment the carboxy groups are Cm - Ce 
carboxy groups, which may be branched or unbranched. 

According to yet another preferred embodiment the oxycarbonyl groups are groups of 
the formula -O-(CH2)i^C00H. 



The amino acids can be any natural or synthetic amino acid, preferably natural alpha 
amino acids. 

Preferred compounds of formula (4) are 2-MethylcarbonyM-N-[(L)-AlanyHL)-Valinyll- 
(2SHayrrolidine hydrobromide; 2-Metoyl)<arbonyl-1-N^(L)-ValinyKL)-ProryKL)- 
Valinyll-(2S)-pynolidine hydrobromide; 2K(Acetyk»xy-memyi)ra^ 
Alanyl-(L)-ValinylH2S)-pyrrolldlne hydrobromide; 2^nzoyk)xy-methyl)oarbonyl}.1. 
N^>-AlanylHL)-ValinylH2S)^yrrrtkfine hydrobromide; 2-fl(2,6- 

DichtorbenzyiHhfon^^ 2 . 

[Benzoy-loxy*newyOcarbon^^ hydrobromide; 

2^fl1,3}ttlazole-2irf)carbOT 

trifluoracetat; 2-[(beri2^iazde-2-yl)^^ 

pyrrolWIn trifluoracetat; 2^(4>enzomiarole-2-yl)ra 

(2S)-pyrrolidine trifluoracetat; 2-[(pyridIn-2-yl)carbonyl]-1 -N-{N-{(L>AlanylHL)- 
Valinyfl^2SH5yrrolWine trifluoracetat 

Further, according to the present invention compounds of formula (5)includlng all 
stereoisomers and pharmaceutical acceptable salts thereof can be used in 
combination with agents binding to the secondary binding sftefe) of DP IV or DP IV- 
likeenzymes: 
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) • • • * '• 

B-KCH-R^-C^XVD (5) 

wherein 
nisOoH, 

R 1 stands for H, C1-C9 branched or straight chain aikyl. preferably H, n-butan-2-yl, 
n-prop-2-yl or isobutyi, C2-C9 branched or straight chain alkenyl, C*-C$ cydoalkyl. 
preferably cydbhexyl, C5-C7 cycloalkenyl. aryl, heteroaryl or a side chain cf a natural 
amino acid or mimetics thereof, 
X 2 stands for O, NR 8 , N*(R 7 )2. or S, 
B is selected from the following groups: 





where X* is H or an acyl or oxycarbonyi group including amino acids, 



R 9 is H, C1-C9 branched or straight chain alkyl, preferably H, n-butan-2ryl, n- 
prop-2-yl or isobutyi, C2-C9 branched or straight chain alkenyl, Cs-Ca 
cydoalkyl, preferably cyctohexyl, 34iydroxyadamant-1-yl, Cs-Cr cycloalkenyl, 
25 aryl, heteroaryl or a side chain, of a natural amino add or derivatives thereof, 

or a group of the formula -(CHJm-NH-Cs^N-Y where m Is an Integer of 2-4, - 
C5H3N-Y is a divalent pyrldyl moiety and Y is a hydrogen atoni, a halogen 
atom, a nitro group ora cyano group, 

R 6 , R 7 R 8 and R* are independently selected from H, optionally substituted C1- 
30 Co branched or straight chain alkyl, preferably an optionally substituted C2-C5 

branched or straight chain alkyl; or optionally substituted C2-C9 branched or 
straight chain alkenyl, preferably an CrC B branched or straight chain alkenyl; 
or optionally substituted Cs-Ca cydoalkyl, preferably an optionally substituted 
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C4-C7 cydoalkyl; or an optionally substituted C6-C7 cycloalkenyl, or an 
optionally substituted aryl residue, 

Z is selected from H, pyridyl or optionally substituted phenyl, optionally 
substituted aikyl groups, alkoxy groups, halogens, nitro, cyano and carboxy 
5 groups, 

W is selected from H, pyridyl or optionally substituted phenyl, optionally 
substituted aikyl groups, alkoxy groups, halogens, nitro, cyano and carboxy 
groups, 

W is H or optionally substituted aikyl. alkoxy or optionally substituted phenyl, 
10 and 

Z 1 is H, or optionally substituted aikyl. 

R 3 and R 4 are independently H, hydroxy, aikyl, alkoxy, arafeoxy, nitro, cyano or 
halogen, 

15 D is an optionally substituted compound of the formula 




which can be saturated, or can have one, two or three double bonds, 

20 

wherein 

X 8 to X 11 are independently CH, N, N*(R 7 ), or CR 8 , if unsaturated, or 
X 8 to X 11 are independently CH 2 , NH, NH*<R 7 ), O. or S if saturated, 
25 X 12 is CHA, NA, CH2, NH, NH*(R 7 ), or CHR 8 , if saturated or 

X 12 is CA, NA*, CH. N, N*(R 7 ), or CR 8 , if unsaturated and 
A is H or an isoster of a carboxylic acid such as CN, SO3H, CONOH, 
POaR'k 6 , a tetrazole, an amide, an ester or an acid anhydride. 

30 Throughout the application, D contains preferably at most two, further preferred at 
most one hetero atom in the ring. 
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Accoiding to preferred embodiments of the present Invention, D stands for optionally 
substituted C4-C7 cycloalkyl. preferably C 4 -Ce cycloalkyl. optionally substituted C4-C7 
cydoalkenyl, or optionally substituted (hetero)cycloalkyl of the formulae 

1 > 

wherein the residues are as defined above, 
or 

that is, a five-membered ring containing one or two double bonds in the ring, 

wherein the residues are as defined above, 

or 




wherein the residues are as defined above, 
or 

,0 

wherein the residues are as defined above, 



or 
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that is a sbc-membered ring containing one or two double bonds in the ring, 

wherein the residues are as defined above, 

or 




wherein the residues are as defined above. 



According to a preferred embodiment, B has the following formula: 

XO' 

wherein the residues are as defined above. 

According to another preferred embodiment, B has the following formula: 




wherein the residues are as defined above. 
Preferred compounds according to formula (5) are 

iKsydopentyW^riethy^ chloride, 



10 



15 
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^clopentyl-3^ethyl-1-oxo.2.butanamlnlum chloride, 
1^^nty»-3,3^imethyl-1^xo.24)utanaminlurn chloride, 
1^yclohexyW,3-dimethyl-1-oxo-2-butanaminium chloride, 

3Kcyctopert^^ 
AK2^clopentyl-2^xoethy0cyctohexanainlnlum chloride. 

Because of the wide distribution of the protein In the body and the wide variety of 
danisms InvoMng DP IV, DP ft*** and DP IV^ated protein,, systemte 
Hpy (enteral or parenteral admlnlstra.cn) with DP inhibitors can result . a 
series of undesirable side-effects. 

Tha problem to be solved was moreowr. to provide compounds irrfcan*ua«Un 
I^Tvrfth mm btoding to the sectary bmd* .*.) - OP H « » * 

physioto^processes. The prcUem -the tovendon especWyconstet. m c*to*n» 
SSkd and hH,hV spscmc inhibition of DP IV or DP W^togou. ac**** 



substrates. 



iJL Itxtnuta (6, to combination «. agsrts btodtog to ft. -**<^> 
slte(8) of DP IV or DP IV-like enzymes: 



25 



^ — C 

B (6) 



wherein _ . u . 

, amino acid having at feast one functional group In the side chain, 



A Is an i 

B is a chemical compound covatemly bound to at toast one ftwcttonal flroup of the 
30 side chain of A, 

C is a thiazoOdina, pyridine, cyanopyrrcMne, r^rcwroUne, dehydropmltoe or 
plperidine jroup an*te*cnded to A. 
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In acceptance m, a purred enMnm „ ^ phannaeeuflca| 
composrfon. M u»d comp**, at baa, one expound of me JLJZZZ 
and at leas, one customary adjuvant apprcprWe for the ate ^acSon. ' ' 

5 

Preferably A Is an a-amino acid, especially a natural oamlno acid having one two or 

n»» fen*™, groups ,„ the aWe cha h , pra^ 

argimne, lysine, aspartic add. glutamic acid or cysteine. ' 

10 £2! ^ * * » to » — acids. , 

P^^^ta glycol having a molar mass of up to 20 000 g/mol, an optionally 
an*.. atohc, ^ „ ^ P * 



15 



20 



^P<to an extended s*e chain njnedon, the compounds of torn** (e > c,n ,* bmd 
to the acd* cenbe of me enryme dpepddy. w8daaa IV and analogous erJT 
bu, „ no longer acdvety transported b, me pepdde ^^T'tTZ 
resutag reduced or graady resttcted transport**.* of me compos acco**, to 



25 



30 



By extend^expandhg me side cha* modMoadona. tor exampte beyond a nunfce, 
of seven carbon atoms, It is accordingly possible to obtain a dramatic reduction In 

d-tn^^oftbesub*™,. Byepada^and^exp^.tr 
^^e^c^ihea^^p^^^,,,,^ 

^T nhe 'a* 08 ' "fan* 10 a* residue. It is possible eccomlno tomeL** 

tO modify or Sunrmaee 4 MMM uL»fi. ... . 




c^T brn,Ula (6> ^ C ° mP0Und8 ' WhW » h *• o"^«> have 

^ngthsoffrornatolo. from 4 to 10, am^ ac^. and/or me 

P^^^^ane g^ioote have molar masses of at least 250 g/rnol, preferably of at least 
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^ alcohols, add, or aromatic compounds have a. bast 12 C atom, and 
preferably up to 30 C atoms. 

The compounds of the present Invention can be converted into and u»d a. add 

El2 Hotonetod vrtto an .o^nto o, o*ar* 
or mo^anio adds Include hydrechlortc. hydrebrere*. 
nhosohoric acetic, propionic. glycoOc. tactic, sucdnlc. matac fumpnc, mellc. 
10 ZTZT*^ mandate, reedreneedtodc, Mrexyed^^ 
10 ^Lutento. o* pared, 2^^*-* J« 
cyctohexaneeu^reto, aateyte, sacshartrfc or trtteoreacete add. A. 
S^Lc-y accept* add add**. sa» torero o, me compounds of toreretos 
( fl „ (6) are Mended to be embraced by the scope of mis Invendon. 

16 to view of *e otose retadonddp hereon the free 

1 tore, of their sate, whenever a compound Is referred to re this context . 
ZZIT^ - atso intended, prevtoed such to posatoto or appropriate undar 
&#\e drcumstanoes. 

STB. re genera., sud, predreg. w* be tondtona. denvadves rftoe 

acdTcorepound. Thus,* these cases. tha preset Imremton she. ™«^** 
«■ Zment -Tree vartoue disc**, described wire prodn* verciona of one or ,no^ 

a^Hredon to the sub**. Co— a. procedures tor ^ «^J> 
p^amdon of sutebto predreg dertvadves are described, tor «^ * 
PreVrugs-, ed. H. Bundgaare, Etoevtor. 1985 and toe patont apptcadons DE 198 28 
30 ii3andDE19828114.whld.arefulyirK»n3^ 

Where the compared, or prochuge accoreing to thto Invanten 

ci« confer, may may ac~o*» exto, as enandoreere. ^^Z^l 

pmdregs possess two or more «M cantors, they may additionally extet aa 
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^passed wtto* tbs ^p, „, tte ^ FoJ^HZ 
crystalline forms of th« oomDounite or nr^r,™ _ ^ ««"more, some of the 
- Wended to be WuZTTj " P ° lymWPh8 M Wch 

and such sofcato. are ^ ^^e^^^^«^ 
invention. encompassed within the scope of this 

iiydi.lee.orlrieliideoihereoh^usedtorB^ 

capable of landing to the secondary binding site of DP IV or DP IV K™ 

15 ■ m combination with acarbose, or 
In combination with metformin; or 
in combination with acarbose and metformin. 

In a further preferred embodiment, the compounds capable of binrf,„« - «~ 
20 secondary b^ site of DP IV and/or DP ^ZZ^Jlr^Z^ 
can be used in combing with at toast one anZl £ ££££ 
group consisting of: selected from the 

- Insulin sensitizers selected frerethegroiipc*^ 
o PPAR agonists, 
25 o bjguanides, and 

o protejntyroslnphosphalas^ 
insulin and insulin mimeses; 

«^ureasandctoerir^ 
a^hjcosidase inhibitors, e.g. acarbose; 
glucagon receptor agonists; 
GLP-1; GLP-1 mimefJcs, and GLP-1 receptor agonists; 
GLP-2; GLP-2 mlmstics, and GLP-2 receptor agonists, eg ALX-600 
(teduglufidefremNPSAflelbtCorp.); * 
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. exendln-4 and exendin-4 mlmetlcs, e.g. exenatide (AC-2993, synthetic 

exendin-4 from AmyliivBI Lilly); 
. GIP, GIP mlmetlcs, and GIP receptor agonists; 
. PACAP.PACAP mlmetlcs, and PACAP receptor 3 agonists; 
. PYY, PYY mlmetlcs, PYY receptor agonists, and PYY receptor 

antagonists, 

. cholesterol lowering, agents selected from the group consisting of 
o HMG-CoA reductase inhibitors, 
o sequestrants, 

o nteotinyi alkohol, nicotinic acid and salts thereof, 

o PPARa agonists, 

o PPARy agonists, 

o PPARct/y dual agonists, 

o inhibitors of cholesterol absorption, 

o acyl CoA:chotesterol acyltransferase inhibitors, and 

o antioxidants; 
. PPAR6 agonists; 
■-' antiobestty compounds; 
.an ileal bile acid transporter inhibitor; and 
. anti-inflammatory agents. 

A further preferred embodiment of the present Invention comprises compounds 
capable of binding to the secondary binding site of DP IV or DP IV-like enzymes 
according to any one of the embodiments of the present invention mentioned above 

in combination with a gene therapeutic expression system for GLP-1 

comprising a viral vector comprising 

(a) a polynucleotide sequence encoding GLP-1 (gluacogen like peptide - 
1); and 

(b) a polynucleotide sequence encoding a signal sequence upstream of (a); 
and 

(c) a polyadenytation signal downstream of (a); and 

(d) apdynucleaticteseqiie^ 

between the polynucleotide sequence encoding GLP-1 and the 
polynucleotide sequence encoding the signal sequence; and 
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(e) wherein the expression of GLP-1 underlies a constitutive promoter or is 

controlled by a regulatable promoter, 
(0 wherein, optionally, the viral vector comprises a polynucleotide 

sequence encoding GIP (glucose dependent insulinotropic peptide); 
(g) wherein, optionally, the viral vector is encompassed by a mammalian 

cell. 



and /or 

10 - in combination with a gene therapeutic expression system for GIP comprising 
a viral vector comprising 

(a) a polynucleotide sequence encoding GIP (glucose dependent 
insulinotropic peptide); and 

(b) a polynucleotide sequence encoding a signal sequence upstream of (a); 
15 and 

(c) a polyadenylation signal downstream of (a); and 

(d) a polynucleotide sequence encoding a proteolytic cleavage site located 
between the polynucleotide sequence encoding GIP and the 
polynucleotide sequence encoding the signal sequence; and 

20 (e) wherein the expression of GIP underlies a constitutive promoter or is 

controlled by a regulatable promoter; 

(f) wherein, optionally, the viral vector comprises a polynucleotide 
sequence encoding GLP-1 (glucagon Oke peptide 1); 

(g) wherein, optionally, the viral vector is encompassed by a mammalian 
25 cell. 

A further preferred embodiment of the present Invention comprises the compounds 
capable of binding to the secondary binding site of DP IV or DP IV-IBce enzymes in 
combination with a gene therapeutic expression system for GLP-1 and / or GIP 
according to any one of the embodiments of the present invention mentioned above 
wherein 

- the signal sequence upstream of the gene of Interest (GLP-1; GIP) is the 
murine immunoglobulin k signal sequence or the glia monster exendin signal 
sequence; and /or 
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the potyadenylation signal downstream of the gene of Interest (GLP-1; QIP) is 

derived from simian viraus 40 (SV 40); and /or 

the proteolytic cleavage site is cleaved by furin preotease; and/ or 

the gene delivery vector for expression the gene of Interest is an adenoviral, 

retroviral, tenMrai, adeno associated viral vector; and /or 

the constitutive promoter Is a cytomegalovirus (CMV) promoter, or a Rous 

sarcoma long-terminal repeat (LTR) sequence, and the SV 40 early gene gene 

promoter; and the Inducible promoter is the Tet-On™ / Tet-Off™ system 

available from Clontech; and /or 

the mammalian cell is a primate or rodent cell, preferably a human cell, more 
preferably a human hepatocyte. 



In a further Illustrative embodiment, the present invention provides formulations for 
agents binding to the secondary binding site of DP IV or DP IV-like enzymes allone or 
in combination with DP IV-inhlbitors, e.g. the compounds of formulas (1) to (6), and 
their corresponding pharmaceutical^ acceptable prodrugs and acid addition salt 
forms, In pharmaceutical compositions. 



f 

To prepare the pharmaceutical compositions of this Invention, one or more 
compounds capable of binding to the secondary binding site and/or DP tV-tohibltors 
or salts thereof of the Invention can be used as the active ingredfent(s). The active 
ingredients) is intimately admbeed with a pharmaceutical carrier according to 
conventional pharmaceutical compounding techniques, which carrier may take a wide 
variety of forms depending of the form of preparation desired for administration, e.g., 
oral or parenteral such as intramuscular. In preparing the compositions In oral 
dosage form, any of the usual pharmaceutical media may be employed. Thus, for 
liquid oral preparations, such as for example, suspensions, elixirs and solutions, 
suitable carriers and additives include water, glycols, oils, alcohols, flavoring agents, 
preservatives, coloring agents and the like; for solid oral preparations such as, for 
example, powders, capsules, gelcaps and tablets, suitable carriers and addHlvea 
include starches, sugars, diluents, granulating agents, lubricants, binders, 
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disintegrating agents and the like. Because of their ease in administration, tablets 
and capsules represent the most advantageous oral dosage unit form, in which case 
solid pharmaceutical carriers are obviously employed. If desired, tablets may be 
sugar coated or enteric coated by standard techniques. For parenterals, the carrier 
wiH usually comprise sterile water, through other ingredients, for example, for 
purposes such as aiding solubility or for preservation, may be included. 

Injectable suspensions may also prepared, in which case appropriate liquid carriers, 
suspending agents and the like may be employed. The pharmaceutical compositions 
herein will contain, per dosage unit, e.g., tablet, capsule, powder, Injection, 
teaspoonful and the like, an amount of the active ingredients) necessary to deliver 
an effective dose as described above. The pharmaceutical compositions herein will 
contain, per dosage unit, e.g., tablet capsule, powder, injection, suppository, 
teaspoonful and the like, from about 0.03 mg to 100 mg/kg (preferred 0.1 - 30 mg/kg) 
15 and may be given at a dosage of from about 0.1 - 300 mg/kg per day (preferred 1 - 
60 mg/kg per day) of each active ingredient or combination thereof. The dosages, 
however, may be varied depending upon the requirement of the patients, the severity 
of the condition being treated and the compound being employed. The use of either 
daiiy administration or post-periodic dosing may be employed. 

20 

Preferably these compositions are in unit dosage forms from such as tablets, pills, 
capsules, powders, granules, sterile parenteral solutions or suspensions, metered 
aerosol or liquid sprays, drops, ampoules, autoinjector devices or suppositories; for 
oral parenteral, intranasal, sublingual or rectal administration, or for administration by 
25 inhalation or insufflation. Alternatively, the composition may be presented in a form 
suitable for once-weekly or once-monthly administration: for example, an insoluble 
salt of the active compound, such as the decanoate salt, may be adapted to provide 
a depot preparation for intramuscular injection. For preparing solid compositions such 
as tablets, the principal active ingredient is mixed with a pharmaceutical earner, ag. 
conventional tabletfng ingredients such as com starch, lactose, sucrose, sorbitol, talc, 
stearic acid, magnesium stearate, dicaldum phosphate or gums, and other 
Pharmaceutical diluents, ag. water, to form a solid preformulation composition 
containing a homogeneous mixture of a compound of the present invention, or a 
Pharmaceutical^ acceptable salt thereof. When referring to these preformulation 
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compositions as homogeneous, it is meant that the active Ingredient is dispersed 
evenly throughout the composition so that the composition may be readily subdivided 
into equally effective dosage forms such as tablets, pills and capsules. This solid 
preformulation composition Is then subdivided Into unit dosage forms of the type 
5 described above containing from 0.1 to about 500 mg of each active Ingredient or 
combinations thereof of the present invention. 

The tablets or pills of the compositions of the present invention can be coated or 
otherwise compounded to provide a dosage form affording the advantage of 

10 prolonged action. For example, the tablet or pin can comprise an Inner dosage and 
an outer dosage component, the latter being in the form of an envelope over the 
former. The two components can be separated by an enteric layer which serves to 
resist disintegration m the stomach and permits the inner component to pass Intact 
into the duodenum or to be delayed in release. A variety of material can be used for 

15 such enteric layers or coatings, such materials including a number of polymeric acids 
with such materials as shellac, cetyl alcohol and cellulose acetate. 

This liquid forms m which the compositions of the present Invention may be 
incorporated for administration orally or by Injection Include, aqueous solutions, 

20 suitably flavoured syrups, aqueous or oil suspensions, and flavoured emulsions With 
edible oils such as cottonseed oil, sesame on, coconut oB or peanut oil, as well as 
elixirs and similar pharmaceutical vehicles. Suitable dispersing or suspending agents 
for aqueous suspensions, include synthetic and natural gums such as Iragacanth, 
acacia, alginate, dextran, sodium carboxymethylcellulose, methyteenulose, 

25 polyvinylpyrrolidone or gelatin. 

Where the processes for the preparation of the compounds according to the invention 
give rise to mixture of stereoisomers, these isomers may be separated by 
conventional techniques such as preparative chromatography. The compounds may 
30 be prepared in racemic form, or individual enantiomers may be prepared either by 
enantiospecific synthesis or by resolution. The compounds may, for example, be 
resolved into their components enantiomers by standard techniques, such as the 
formation of diastereomeric pairs by salt formation with an optically active acid, such 
as (-Hl-p^luoyW-tarteric acid and/or (+HHvtoluoyH-tartarlc acid followed by 
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fractional crystallization and regeneration of the free base. The compounds may also 
resolved by formation of dlastereomeric esters or amides, followed by 
chromatographic separation and removal of the chiral auxiliary. Alternatively, the 
compounds may be resolved using a chiral HPLC column. 

During any of the processes for preparation of the compounds of the present 
invention, it may be necessary and/or desirable to protect sensitive or reactive groups 
on any of the molecules concerned. This may be achieved by means of conventional 
protecting groups, such as those described in Protects G m,,n. | p 
CjjejnisJty, ed. J.F.W. McOmie. Plenum Press, 1973; and T.W. Greene & P.O.M. 
Wut8 ' Protective Groups in Or^pfr ay^of- j 0 hn WBey & Sons, 1991. The 
protecting groups may be removed at a convenient subsequent stage using 
conventional methods known from the art 

The method of treating conditions modulated by the dipeptidyl peptidase IV or 
dipeptidyl peptidase IV-like enzymes described in the present invention may also be 
carried out using a pharmaceutical composition comprising any compound or any 
combination of the compounds as defined herein and a pharmaceutical* acceptable 
carrier. The pharmaceutical composition may contain between about 0.01 mg and 
100 mg, preferably about 5 to 50 mg, of each compound, and may be constituted into 
any form suitable tor the mode of administration selected. Carriers include necessary 
and inert pharmaceutical excipients, including, but not limited to, binders, suspending 
agents, lubricants, flavorants, sweeteners, preservatives, dyes, and coatings. 
Compositions suitable for oral administration include soRd forms, such as piRs 
tablets, caplets, capsules (each including immediate release, timed release and 
sustained release formulations), granules, and powders, and liquid forms, such as 
solutions, syrups, elixirs, emulsions, and suspensions. Forms useful for parenteral 
administration include sterile solutions, emulsions and suspensions. 

Advantageously, compounds of the present invention may be administered In a 
single daily dose, or the total daily dosage may be administered In divided doses of 
two, three or four times daily. Furthermore, compounds for the present Invention can 
be admimstered in intranasal form via topical use of suitable Intranasal vehicles or 
via transdermal skin patches well known to those of ordinary skill In that art To be 
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administered in the form of transdermal delivery system, the dosage administration 
will, of course, be continuous rather than Intermittent throughout the dosage regimen. 

For instance, for oral administration in the form of a tablet or capsule, the active drug 
component can be combined with an oral, norvtodc pharmaceutlcally acceptable 
inert carrier such as ethanol, glycerol, water and the like. Moreover, when desired or 
necessary suitable binders; lubricants, disintegrating agents and coloring agents can 
also be Incorporated Into the mixture. Suitable binders include, without limitation, 
starch, gelatin, natural sugars such as glucose or betalactose, com sweeteners, 
natural and synthetic gums such as acacia, tragacanth or sodium oteate, sodium 
stearate, magnesium stearate. sodium benzoate, sodium acetate, sodium chloride 
and the tike. Disintegrators Include, without limitation, starch, methyl cellulose, agar, 
bentonite, xanthan gum and the like. 

The liquid forms In suitable flavored suspending or dispersing agents such as the 
synthetic and natural gums, for example, tragacanth. acacia, meftyl^ulose and the 
like For parenteral administration, sterile suspensions and solutions are desired 
isotonic preparations which generally contain suitable preservatives are employed 
when intravenous administration is desired. 

The compounds of the present invention can also be administered In the form of 
liposome delivery systems, such as small unilamellar vesicles, large unilamellar 
vesicles, and multilamellar vesicles. Liposomes can be formed from a variety of 
phospholipids, such as cholesterol, stearylamlne or phosphatidylcholines. 

Compounds of the present invention may also be delivered by the use of monoclonal 
antibodies as Individual carriers to which the compound molecules are coupled. The 
compounds of the present Invention may also be coupled with soluble polymers as 
targetable drug carriers. Such polymers can include polyvinylpyrrolidone, pyran 
copolymer, polyhydroxyprc^ylmemacrylamldephenol, polyhydroxyethylaspartamld- 
ephenol. or polyethyl eneoxldepolyllysine substituted with palmitoyl residue. 
Furthermore, the compounds of the present invention may be coupled to a class of 
biodegradable polymers useful in achieving controlled release of a drug, for example, 
polyactic acid, polyepsilon caprolactone, polyhydroxy butyeric acid, polyorthoesters, 
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polyacetals. polydihydropyrans, polycyanoacrylates and crocked or amphlpathJc 
block copolymers of hydrogels. 

Compounds of this Invention may be administered In any of the foregoing 
compositions and according to dosage regimens established In the art whenever 
treatment of the addressed disorders is required. 

The daily dosage of the products may be varied over a wide range from 0.^1 to 1.000 
mg per mammal per day. For oral administration, the compositions are preferably 
provided in the form of tablets containing, 0.01, 0.05, 0.1, 0.5, 1.0. 2.5, 50 100 
15.0, 25.0, 50.0, 100, 150, 200, 250 and 500 milligrams of each active Ingredient or 
coronations thereof for the symptomatic adjustment of the dosage to the patient to 
be treated. An effective amount of the drug Is ordinarily supplied at a dor*ge level of 
from about 0.1 mg/kg to about 300 mg/kg of body weight per day. Preferably, the 
range Is from about 1 to about 50 mg/kg of body weight per day. The compounds 
may be administered on a regimen of 1 to 4 times per day. 

Optimal dosages to be administered may be readily determined by ihos* skilled in 
the art, and will vary with the particular compound used, the mode of administration 
the strength of the preparation, the mode of administration, and the advancement of 
drsease condition. In addition, factors associated with the particular patient being 
treated, Including patient age, weight diet and time of administration, will result in the 
need to adjust dosages. 
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Example 1: Determination of (he half-life M _ 
u^TLkM feaer-desorption ionbafion time of «gM mas. epectromeby (MALDI- 

rl ^nhofen, Gannany) buffer 25p M pep«deseU^ ^ 

ITd PspMea was meaaufsd by moniterfng the signa. mten*, of *. 

when Incubated with 40 mU prodne DP N. re—, Hun^n OP -V « 
0 11 DP fV acdvlty. The enzyme was pr*ncubated v*h " 

^OY c ft. '.MM ^^^^Va^ya*V*OH (15* 

™ 0016M. 1:1 with DP IV, the eoncenWfen of the he^ep-de « ft. 

i^Le In the reacflon mixture was 160 MM)- 

TTLnn of DP IV with 0.01M Trte*uffer (Sigma-Aldrfch. Dersenhofen, 
l8 tls^rornefer enjoyed was a 

111 of ^ ana^ a^ (4 ML, w« rntxed 1:1 rnahb, 

rifel^urMt^n^rafe aM 30 mo «"***-*~ 
abacus ««on containing 50% acetenMe and 0 05% ~^^^ 
£** transferred to a probe Hp and Immedfet^ evaporated u^meHew^ 
2 0 ZZ G2024A (HewfettWt W**™. Gerr^r*) san^ l*epa^ 
20 fwnaro \ „„_*™ wars accumulated. This method of 

vacuum chamber. 250 single laser-shot spectra were xa ^*"^\ mmrieA3an a 
bbd^mda*. ha. been validated and *m the gMri co-w^ns** 
half-degradation times M under various conditions. 

T1»tvrcaloulallonfo«owedftfeprooaduie: .^^^.-o Durtno 

«l the oercentage of the renaming substrate peak (aiso expressed aa rata*-. 
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Legend: a 
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substrate (bioactfve peptide) 

8 product (N-terminaJ 

*» first order rate constant 

Km MIchaeJis-Menten-constant 

V| inttlal rate of the reaction 

Vmax maximal rate of the reaction 

fSJ substrate concentration 



15 



20 



Example 2: Determination of K,: 

•n <^ to n^ re ,he .nh^ eon^ Ki , photon ass^ w» ^ 

»Ch PH 76 40 mM HEPES (8^^,, ^ ^ 
For a reversible competitive inhibition is to assumed: 
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V*K m 



Legend. W inhibitor concentration 



20 



K, inhibition constant 



Example 3: MALDI-TOF approach 

In order to investigate directly the Influence of the test compounds TFTSDV. TFTDDY 
and H-Ser-D-Glu-Thr-Gly-D-Val-D-Lys-D-VaWDH on the DP IV-catalyzed peptide 
hydrolysis the MALDI-TOF assay was used. 

As described before (determination of t 1fi ) DP IV and the test compounds were 
preincubated and the reaction was started by adding the enzymeThexapeptJde 
mixture to substrate/buffer mix. The control reaction mixture consisted of buffer, 
enzyme and substrate. From the curves of the first order exponential the initial rate 
<v«) forthe control and the reversible inhibited reaction was calculated. 

For the uninfluenced reaction the Micjhaells^lentervequatlon was used. 
V,was calculated from plotting the relative substrate concentration versus time. 
Kin Is given, also the substrate concentration. 



For the reversible inhibited reaction the foDowing reaction was used to calculate ft 



V*K m 
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Example 4: Determination of K„, 

Experiments were carried out with a capillary zone electrophoresis apparatus (MOQ 
Beckmann, MOnchen, Germany). ' ' 

The reaction mixture contained 50ul Gly-Gly (100 mM as standard), 50 uM substrate 
solved in 0.01 M sodium phosphat buffer (pH 7.6) and 10 pi DP IV (40 mUrniD stored 
at 30'C. Six substrate concentrations varying from 1 uM to 60 uM were measured. As 
running buffer 0.1 M sodium phosphat buffer, pH 2.6 was used. A sample from'the 
reaction mixtu* was injected with 0.5 psl over 5 s at predefined time points 
Separation was carried out in a capillary with 50 uM inner diameter and 20 cm 
effective length. The following separaikw parameters were used: 
Separation voltage: -fekV 
Separation time: 12 mm 

Separation temperature: 25°C 
Detection wave length: 200 nm 

The maximal rate was calculated by plotting product concentration versus time The 
IWvalue was calculated transferring the data In the MichaeHs-Menten-equation 
(GraFit 4.0.16, Erfthacus Ud., UK). 

Example 5: Expression, fomentation and purification of human DP IV and its 
20 mutant variants 

Steins and Plasmid: 

P pastoris strain X-33 and the vector pPICaC were purchased from invftrcgen 
(USA). E co/ZXL-10 cells were provided from Stratagene (USA). 
Plasmid construction and DAM sequencing. 

The DP IV encoding region (A1-36) plus hise-tag contained in a pcDNA-3 1 vector 
was amplified using primers DP IV-21 (TCATCGATGCATCATCATCATCATCAT) and 
DP IV-22 (TAGGTACCGCTAAGGTAAAGAGAAAC) while Implementing the 
restriction sites for Kpnl and BspDL This fragment was digested with the restriction 
efizymesKpn/arxl&ipDfaswe 

afterwards vector and PGR product were ligated and transformed into the £ co/A 
strain XL-10. Insertion and orientation was confirmed applying restriction enzyme 
analysis and partial sequencing. That was followed by excision of the DP IVencoding 
region from the pPCR^criptCam vector with the same restriction enzymes Kpnl and 
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BspD1 and Its ligation Into the Pichia vector pPICaC, which was also treated with the 
same restriction enzymes before. 

Site directed mutagenesis: 

Single amino acid mutations were carried out with the Quick Change Slte^lrected 
Mutagenesis Kit- from Stratagene (USA). Following primers were used to Introduce 



10 



the mutations: 

\ GACATGGGCAACAC^AGMGCAATTTCTTTGCAGTGGC 



• R310A-DP IV: DP IV-84 Uftw\ i ouounnununr.-. - — — - - - - - - 

DP |V-85 GCCACTGCAAAGAMTTGCTTCTTGTGTTGCCCATGTC 
R560A-DP IV: DP IV-73: GCAGACACTGTCTTCGCACTGAAtTGGGCCACTTACC 
DP IV-74b: GGTAAGTGGCCCAGTTCAGTGCGAAGACAGTGTCTGC 
W629A-DP IV: DP lV-75: GCAATTTGGGGCTGGTCATAGCGAGGGTACGTAACC 
DP IV 76: GGTTACGTACCCTCGCTATGACCAGCCCCAAATTGC. 

15 Transformation of P. paistoris X-33: 

The vector pPICaC containing the DP IV-variants was linearized using the restriction 
enzyme Sac /. Transformation was carried out with an etectroporation system from 
BioRad (Germany) according to the Invitrogen Plchla expression kit manual. 



20 Media and Buffers: 

YPD BMMY, and BMGY for shake flask expression were prepared as described in 
the invitrogen Pichia expression kit manual using reagents obtained from Dfca 
Media for fermentation were composed as described in the Invitrogen Pichia 
teimentation process guidelines using chemicals purchased from Sigma 

25 (Deisenhofen, Germany). 



Single cotonta. were grown h BMGY at 250 ipm, 28 "C overnight Induction of gene 
expression was Initiated after amedla exchange to BMMY. DP IV acSvilir (n the 
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expression mediunt was assayed after 48 hours. Clones displaying highest activity 
were further monitored in a shaking flask culture (15 ml BMGY and 15 ml BMMY 
respectively) regarding growth rate and expression rate. 

5 Fermentation: 

■ 9 

The clone displaying the highest DP IV activity was used to inoculate 5 ml of BMGY 
After 16-18 h of growth at 250 rpm and 28 'C 1 ml of the culture was used to start a 
200ml BMGY flask shake precurture. The ceBs were grown for 16-18 h at 28 'C A 21 
fermentation was started with the 200ml inoculum according to the Invitrogen Pichfa 
fermentation process guidelines. 
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Purification of DP IV: 

Bcpression medium was centrlfuged at 40,000*g for 20 minutes to pellet the yeast 
ce«s. The supernatant was filtered to romove any residual solids using a 45uM 
cellulose acetate filter from Satorius (Germany). Medium was adjusted to pH 7 6 
while adding 300mMNaCI and 50mM sodium phosphate buffer. . " 

Affinity chromatography was canted out at 4 -C with a Ni-NTA sepharose column 
(Qiagen, Germany). The column was pre-equifibfated with 300 mM NaCI, 50 mM 
NaH 2 P0 4 -buffer pH 7,6. The enzyme was edited with 250mM imidazole. DP IV assay 
and SDS-PAGE monitored the purification process. The fractions with the highest DP 
V content was further concentrated by ultra-fittration In an Amteon apparatus (cut off 
10 kDa) to 0,5 ml. 

Geimration: 

The 0.5 mi ultra-filtrate were applied to a Supertax 200 HILoad 26/60 column 
(Phan^acla, Upsalla, Sweden) with a flew rate at 0.25 ml / mln using a 300mM NaCI, 
SOmMJteH.PO^r pH 7,6 at 4'C. The purification process was monitored via 
SDS-PAGE and activity assay. 
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DP IV assay: 

DP IV activity assays were performed spectrofluorimetrically using H-GIy-Pro-AMC 
(Bachem, Heidelberg, Germany) as substrate and a 0.1M HEPES buffer pH 7.6 plus 
0.05M NaCI (Sigma, Delsenhofen, Germany) while monitoring the releasing of AMC 
5 by DP IV (Jiaxctation = 380 nm; Wohm = 460 nm). 

SDS-PAGE analysis: 

Proteins were analysed by SDS-PAGE using 12 % separating gels with 3 % stacking 
gel. Gels were stained applying Coomassie brilliant blue R-250. 

10 Protein determination: 

Protein concentrations were determined using the BioRad (Germany) Bradford assay 
kit accoiding to the instructions of the manufacturer. 

Western blot analysis: 

15 Analytical gel electrophoreses in SDS-polyaaylamid gels were performed according 
to LaemmO [1] with separation gels containing 12 % aoylamlde. The separated 
proteins were transferred to a nitrocellulose membrane (Schleicher&Schuell, 
Germany) following standard procedures. To detect his^tagged protein a penta-his- 
tag-antibody and a secondary antibody provided from Qiagen (Germany) (12000) 

20 was used. Chemo-luminescence was assayed according to the manufacturers 
protocol (SuperSignal™ West Pico, PIERCE). 

Substrates: 

All investigated btoactive peptides were obtained from Bachem (Heidelberg, 
25 Germany), with exception of glucagon, GIP and its analogs and fragments. These 
peptides were synthesized at applicant's laboratories. 

Example 6: Synthesis of DP IV-substrates 

Glucagon, GIP and the GIP analogs were synthesized with an automated synthesizer 
30 SYMPHONY (RAININ) using a modified Fmoc-protocol. Cycles were modified by 
using double couplings from the 15 th amino acid from the C-terminus of the peptide 
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with five-fold excess of Fmoc-amlno acids and coupling reagent. The peptide 
couplings were performed by TBTU/NMM-activation using a 0.23 mmol substituted 
NovaSyn TGR-resin or the corresponding preloaded Wang-resin at 25 umol scale. 
The cleavage from the resin was carried out by a cleavage-cocktail consisting of 84.5 
5 % TFA. 2.5 % water, 2.5 % EDT and 1 % TiS. 

Analytical and preparative HPLC were performed by using different gradients on the 
UChrograph HPLC system of Merck-Hitachi. The gradients were made up from two 
solvents: (A) 0.1 % TFA in HaO and (B) 0.1 % TFA in acetonHrile. Analytical HPLC 

10 were performed under the following conditions: solvents were run (1 ml/min) through 
a 125-4 Nucieosil RP18-column, over a gradient from 5 %-50 % B over 15 min and 
then up to 95 % B until 20 min. with UV detection (X * 220 rim). Purification of the 
peptides was carried out by preparative HPLC on either a 250-20 Nucieosil 100 RP8- 
column or a 250-10 UChrospher 300 RP1&coiumn. (flow rate 6 ml/min, 220 nm) 

15 under various conditions depending on peptide chain length. For the identification of 
the peptide analogues, laser desorption mass spectrometry was employed using the 
HP G2025 MALDI-TOF system of Hewlett-Packard. 

Example 7: Computer-assisted model for specificity examinations of proline- 
20 specific proteases 

By means of homology modeling approaches a tertiary-structure-models of human 
DP IV and porcine DP IV have been developed. 

The structure of prolyl oligopeptidase (F0»p, V., et al. (1098) Prolyl Oligopeptidase: 
25 An unusual B-propeller domain regulates proteolysis. Cell 94. 161-170) (Brookhaven 
Protein Data Bank entry. 1qfrn) was used as a target to model the structure of DP IV. 
COMPOSER (Blundell, T.L; Sibanda. B.L; Sternberg, M.J.E.; Thornton, J.M. 
Knowledge-based prediction of protein structures and the design of novel molecules. 
Natum 1987, 326. 347-352; Blundell, T.L; Carney, D.; Gardner, S.; Hayes, F.; 
30 Howlin, B.; Hubbard. T.; Overington, J.; Singh. DA; Sibanda, B.L; Sutettfie. M. 
Knowledge-based protein modelling and design. Eur. J. Btoohem. 1988, 172, 513- 
520) a program for homology modeling which is Included in the molecular graphics 
program package SYBYL (TRIPOS Associates Inc., 1699 S. Hantey Road, Suite 303, 
St Loub, MO 63144) (TRIPOS Associates Inc.) was used to generate the model of 
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DP IV. The amino acid sequences were aligned using the BLOSUM30 matrix 
(Henikoff, S.; Henikoff, J. G. Amino acid substitution matrices from protein blocks. 
Proc. Natl. Acad. 8d. USA, (1992), 89, 10915-10919). Afterwards, the modeling 
procedure consisted of the following steps: structurally conserved regions (SCRs) 

5 were identified and a framework of conserved regions was defined as mean positions 
of structurally equivalent Cot-atoms. Structurally variable regions (SVRs, loops) were 
selected from a program attached database of peptide fragments In order to satisfy 
end-to-end distances of the SCRs already positioned in the framework. Loops which 
could not be formed with this procedure Were added manually to complete the 

10 structure. The conformations of these loops (mainly in the propeller domain) were 
determined by simulated annealing techniques in heating the temperature to 700 K 
and subsequently cooling to 100 K by fixing the remaining part of the structure. This 
procedure was repeated 30 times. All resulting low temperature structures were 
minimized using the Kollman all-atom force field (Weiner, S.J.; Kollman, PA.; Case, 

15 DA; Singh. U.C.; Ghi, C*; Alagona, G.; Profeta, S.; Weiner, P. A new Force Field for 
molecular mechanical simulation of nucleic acids and proteins, J. Am. Chem. Soc., 
1984, 1 06,765-784). Loop conformations with the lowest energy which fulfill all 
criteria by analyzing the stereo-chemical quality of the protein structure by means of 
PROCHECK (Laskowskl, RA et al. (1993) PROCHECK: a program to check the 

20 stereochemical quality of protein structures, J. Appl. Cryst 26, 283-289) were used. 



Small molecule Hgands such as substrates of the type Xaa-Pro-p-Nltroanilide were 
docked with the "automatic" docking program GOLD (C. Btesarrtz, G. Folkers, D. 
Rognan; J. Med. Chem. 43, 4759-4767, 2000) to the catalyticaBy active site of DP IV 

25 to inspect and analyze the principal correctness of the tertiary structure. Ugandssuch 
as GIP or glucagon and longer peptides of the GRF family were docked by 
application of molecular dynamics simulations. These simulations were started to 
form a random conformation of these compounds, manual positioned at the outer 
side of the pore formed by the propeller domain. A low force constant between the 

30 protonated N-termlnus of the ligands and the side chain of Gtu668, which is proposed 
to be the responsible residue for the recognition of the N-terminus of DP IV was 
added. Molecular dynamics simulations at 300 K for 100 ps using the Kollman all- 
atom force field were performed by fixing the backbone atoms of DP IV. All these 
longer peptides reached the catalytically active site (amino acid position S630), 
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showing that ligands are penetrating through the propeller domain to dock to the 
active site. The resulting docking structures were optimized and subsequently 
analyzed to define the so called second binding site of DP IV-substrates. 

5 Example 8: Validation of the computer-assisted model of DP IV 

Glycosylation sites 

The following residues are assumed to be glycosylated and are therefore placed at 
10 the surface of the protein: Asn85, Asn92, Asn150, Asn219, Asn229, Asn281, 
Asn321, Asn520 and Asn685, which are displayed in Figure 3. All these amino acid 
residues are accessible except Asn150 and 321, which are slightly buried but may 
become accessible by thermal moving of the loop region close to this position. 

15 ADA-binding site 

Site directed mutagenesis studies proved that the residues 1294, V341 and R343 
play an important role in ADA binding to DP IV. Therefore, these residues have to be 
accessible too. These amino acid residues are displayed in Fig. 3. All these residues 
20 are situated at the surface of the protein and interact with ADA. 

Binding of small inhibitors to the active site of DP IV 

A number of Xaa-Pyrrolidine and Xaa-Proline d {peptides where docked to DP IV and 
25 their preferred interaction with the active site was examined (Fig. 4). One of the most 
important region is the proline recognition site. In POP this site is formed by the two 
to three amino acid residues, in analogy to POP the proline binding pocked in DP IV 
is formed also by two aromatic side chains, the two tyrosine residues Y670 and Y631 
and by the hydrophobic residue V71 1. 

30 

The S2-blnding site in DP IV must be responsible for the recognition of the 
protonated and positively charged N-terminus of DP IV ligands and preferred 
interactions of hydrophobic residues such as Va) or lie. The mode) shows that the 
side chain of Glu668 is able to form a salt bridge to the N-terminus of ligands. The 
35 recognition of the side chains is realized by Interactions with the side chains of two 
other tyrosine residues (Y211 and Y330) and explains the preferred hydrophobic PS- 
residues of inhibitors. 
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Another DP IV-inhibttor, Lys(Z-nltro)-Pyrrolidlne, which carries not a completely 
hydrophobic P2-slde chain, was also docked to DP IV. The result Is represented In 
Fig. 5. In the most stable docking arrangement a scorpion like conformation of the 
5 Lys-Z-nltro group can be observed, which finally leads to the formation of a strong 
hydrogen bond to R453. This additional interaction in comparison to usual dlpeptlde 
related ligands explains the high affinity and action of this compound. 

Substrate interactions and aspects of the catalytic mechanism 

10 

The mode of interaction of substrates to DP IV Is shown in Fig. 6. First, the 
substrates dock exactly in the following conformation : A hydrogen bond Is formed 
between the N-H group and the carbonyi group (torsional angle ¥2 - 80*) of the first 
amino acid residue (C7-conformation) and the N-termtnal amino group Is turned out 
15 of a ¥1 torsion of 180° to about 120°. The sclssiie bond or better plane of the peptide 
bond to be cleaved is in a perpendicular orientation to the active serine side chain 
(S630) and allows the reactive attack of the serine to the peptide bond. 

Of main importance is the side chain of Y547. The phenolic hydroxyl group forms a 
20 hydrogen bond to the carbonyi group of the sclssiie peptide bond. This interaction . 
plays a very important role in the stabilisation of the tetrahedral intermediate and 
therefore in the catalytic mechanism in particular in the acylation step. Another 
interesting finding by Heins et al. (heins et al., Blochlm. Biophys. Acta, 1988, 
954(2),161-169) was the fact that in the case of proline (in P1) substrates usually the 
25 deacylation Is the rate limiting step except when in P2-position an Asp is introduced. 
A possible docking arrangement of such a substrate is displayed in Fig. 6. The 
aspartate side chain forms a hydrogen bond to the phenolic OH-group of Y547. This 
strong interaction prevents the cleaved dipeptide to move out of the binding site and 
thus shifts the thermodynamic equilibrium and the activation barrier somewhat to the 
30 tetrahedral intermediate site and consequently the acylation rate is considerably 
reduced and becomes rate limiting. 

Docking behavior of ligands with biological importance 

35 It has been demonstrated that the N-termtnal nonapeptide of the HIV-tat protein 
shows inhibitory effects to DP IV. Docking studies of this compound were done with 



WO 2004/031374 PCT/EP2003/010408 

95 

the complete DP IV model ae described above. The resulting most stable binding 
arrangement is shown in Fig. 7. 

There are some important interactions. Similar to the already discussed interaction of 
5 the substrate Asp-Pro-PNA D2 of Tat forms a hydrogen bond with Y330 and 
furthermore as seen for Lys-Z-nitro-Pyrrolidine, D5 forms a salt bridge with R453. 
Further considerable hydrophobic interactions occur between 18 and Y330 and 
another salt bridge is observed between the C-terminal E9 and R310 of DP IV. 

10 Another similar peptide that was used for docking studies is the N-termlnal 
nonapeptide of the tromboxane receptor (Fig. 8). Similar interactions as seen for HIV- 
tat were detected. Additionally important is the hydrophobic interaction between W2 
and I742. 

15 Example 9: Docking ofGIP; VIP and glucagons to DP IV 

Several oligopeptides such as GIP, VIP, glucagon and others are hydrolysed by DP 

IV and therefore it is clear, that these substrates are docking to DP IV and reaching 
the active site. Extensive docking investigations by means of molecular dynamics 
simulations were done using the old model. From these studies the amino add 
20 sequences of the hexapeptktes, TFTSDY and TFTDDY and the degradation 
stabilized heptapeptkte H^r-D^lu-Thr-Gly-D-VaHD-Lys-D-Val-OH were derived 
and Hs ability to protect oligopeptide substrates from their interaction with a 
secondary binding site. 

25 Results 

The binding and hydrolysis of small dipeptkfe substrates were only slightly influenced 
when DP IV was prelncubated with the hexapeptjdes TFTSDY or TFTDDY or the 
degradation stabilized heptapeptide H-Ser4>Glu-Thr-Gry-D-Val-D-Lys-D-VaK)H but 
the affinity of larger oligopeptides such as GIP, VIP, glucagon and others was 
30 considerably reduced. These experiments clearly prove the existence of a secondary 
binding site. 

How these rather long peptides reach the active site of DP IV without essential sterte 
hindrance was investigated. GIP was placed at the top of the propeller domain with 
35 the N-termlnus pointing to the direction middle to DP IV. A small constraint (additional 
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force constant) was placed between the N-termlnal nitrogen atom of GIP and a 
carboxyl oxygen atom of E668. Then a molecular dynamics simulation over 50.000 fe 
at 300 K was started with fixed backbone atoms of DP IV in the gas phase. 
Surprisingly it was shown that GIP moved in the pore rapidly without any 
considerable steric hindrance and was indeed able to reach the active site. Finally 
starting from the end structure of this "constrained" dynamic model, dynamic 
simulations with GIP already situated inside DP IV were repeated. The final optimized 
docking arrangement is shown in Figures 0 to 12 and the most Important interactions 
are summarized in Tables 8 to 11. 



Table 8: Most important interactions of GIP with DP IV 



GIP 


DP IV 


typ of Interaction 


NT 


E668 


salt bridge 


Y1-CO 


N710 


H-bond 


S2-OH 


Y631 


H-bond 


S2-CO 


Y547 


H-bond (Catalysisl) 


E3 


R560 


salt bridge 


17 


Y330 


hvdrophob 


D9 


R310 


salt bridge 


Y10 


W154 


hvdrophob 


112 


W157 


hydrophob 


D15 


K463(R318) 


salt bridge 


K16 


E464(E91) 


salt bridge 


Most Important Interactions of VIP with DP IV 


VIP 


DP IV 


typ of interaction 


NT 


E668 


salt bridge 


H1-CO 


N710 


H-bond 


H1-side chain 


I742 


hvdrophob 


S2-OH 


Y631 


H-bond 


S2-CO 


Y547 




D3 


RS60 


salt bridge j 


D8 


R310 


salt bridge 


Y10 


W154 


hydrophob 


Y10-CO 


S460 


H-bond 


K15 _ 


E464 


salt bridge 



Table 10: Most important interactions of Glucagon with DP IV 



Glucagon 


DPIV 


typ of interaction 


NT 


E668 


salt bridge 


H1-CO 


N710 


H-bond 
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DP IV 



97 


H1-side chain 


I742 


hydrophob 


A2-CO 


Y547 


H-bond 


Q3 


R560 


H-bond 


T5 


T152 


H-bond 


17 


Y416 


H-bond 


88 


Y330 


H-bond 


D9-CO 


Y418 


H-bond 


D9 


R310 


salt bridge 


Y10 


W154 


hydrophob 


Y13 


L90 


hydrophob 


D15 


R318 


salt bridge 


R17 


E91 


salt bridge 


Most Important Interactions of the hexapeptide T(5)-F-T-S-D- 


hexapeptide 


DPIV 


type of interaction 


T5 


1T152 


H-bond 


T7 


1 i ■ il 


H-bond 1 


88 


8552 


H-bond 


D9 


R310 


salt bridge 


Y10 


W154 


hydrophobic 


Y10(OH) 


T152(OH) 


H-bond 


Y10(OH) 


T152(CO-backbone) 


H-bond " 


Y10(CT) 


S460(OH) 


H-bond 



As can be seen in Figs. 9 and 11, GIP is able to reach the active site of DP IV, but 
the C-terminal tail is still at the surface of the propeller domain. 

The sclssile peptide bond after Ser2 is exactly in an orientation required for optimal 
hydrolysis (Fig. 10). A number of important interactions which explain the affinity of 
GIP to DP IV were detected. These attractive interactions are summarized in Table 6. 
Interestingly a number of interactions were observed, which were already discussed 
for other ligands (see above). 

Based on these results analogous docking studies were performed with VIP, 
glucagon and the hexapeptide TFTSDY (Figs. 12 to 15) The results are summarized 
by listing the most attractive interactions in Tables 7 to 9. 

These results prove that the oligopeptide ligands penetrate through the propeller 
domain to dock to the active site. Furthermore, some highly attractive interactions 



WO 2004/031374 PCT/EP2003/010408 

98 

between the oligopeptide ligands and OP IV were shown, which explain the affinity of 
the calculated compounds and which were used to predict the structure of non- 
peptidic ligands for the secondary binding site of DP IV. Some preliminary structures 
of such non-peptidic ligands are provided in the description above. 

5 Moreover, the results of these studies confirm the proposed docking of lys-Z-nitro- 
Pyrrolidine, e.g. the interaction of the nltro-group with AR560. Wher the oligopeptide 
ligands have an Asp in third or fourth position in their amino acid sequence, a salt 
bridge with R580 is formed. By docking arrangement of the hexapetkte TFTSDY 
(Fig. 15), it was proven that this hexapeptide indeed prevents binding of oligopeptide 

10 ligands to the active site. 

Example 10: Preparation of porcine DP IV 

DP IV was purified from porcine kidney. Approximately 2 kg cortex was removed 
from pig kidneys and cut in small pieces. This tissue material was washed with 0.9 % 

15 NaCI solution overnight at 4 °C to remove remaining blood. The washed cortex was 
homogenized using an uKraturrax. During homogenization an equal amount of a 0.02 
M sucrose solution containing 0.2 % Triton X-100 was added. After homogenization 
the DP IV-piotein was released from the membrane by an 18 h autolysis step at 30 
°C. Insoluble particles were removed by centrifugation at 15900 x g for 30 min. After 

20 a first precipitation and centrifugation step (60 % (NH^Ofeaturation, 3 h, room 
temperature, centrifugation: 39200 x g, 30 min) DP IV-activJty remains in the 
supernatant Second precipitation was conducted overnight at 4 *C and 85 % 
saturation. After centrifugation the DP IV-containing pellet was dissolved in a minimal 
volume of a 25 mM phosphate buffer, pH 6.8 and diafyzed against 3 x 21 of this buffer 

25 over night After additional centrifugation (30 min, 39200 x g) the solution was 
concentrated to approximately 45 ml using an Amicon ultrafiltration cell (cut-off 100 
kDa) and again centrifuged at 44000 x g. A preparative size exclusion 
chromatography was used as second purification step. 15 ml of the DP IV-containing 
solution were applied to a Sepharose 6B (Pharmacia) column (100 cm x 2.6 cm) and 

30 eluted with the phosphate buffer, pH 6.8. The pooled fractions from 3 runs were 
further purified by anion exchange chromatography on a DEAE-Sephacei 
(Pharmacia) column (17 cm x 2.5 cm). For binding the 25 mM phosphate buffer pH 
6.8 was used and DP IV was eluted with a salt gradient from 39 mM to 150 mM NaCI 
in 5 column volumes. The final separation step was a high resolution anion exchange 
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chromatography on a Uno Q column (6 ml, BioRad). The DP IV-contalning fraction 
was diluted with an equal volume of H 2 0 and applied to the column using a 25 mM 
Bis-Trls buffer pH 6.8. ElutJon was performed with a NaCI gradient from 0 to 60 mM. 
Final purification of the naturally glycosylated protein to homogeneity was achieved 
by preparative isoelectric focusing using the Rotofor system (BioRad). One run of the 
above procedure yields roughly 60mg of total protein, purified by a factor of 
approximately 280 and exhibiting a specific activity of always above 42 U/mg. 

Example 11: Sequencing of porcine DP IV cDNA 

To obtain the cDNA sequence of porcine DP IV, total RNA was extracted from 
porcine kidney and RT-PCR was performed as described elsewhere. The sequence 
was submitted to GenBank (accession number AY198323). 

Example 12: Synthesis of p-lodo-Phe-Pyr-CN *TFA 

Synthesis of p-lodo-Phe-Pyr-CN *TFA, an slow-tight binding inhibitor of DP IV was 
performed according to known chemical protocols (Ashworth, D. M., Atrash, B., 
Baker, G. R., Baxter, A. J., Jenkins, P. D., Jones, D. M. & Szelke, M. (1996) Bioorg. 
Medicinal Chem. Letters, 1163-1166). 

Boc-p-lodo-Phe-Pro-NH2- Triethylamine (163.8 ml, 1.17 mmoO was added to a 
solution of H-ProNIVHCI (118.5 mg, 0.782 mmo!) in dry DMF (10 mO. Boo-p-lodo- 
Phe-OSu (0.42 g, 0.86 mmoO was added In one portion and the mixture stirred for 
16h under an argon atmosphere. The solvent was evaporated and the residue 
treated in a standard way, i.e. the residue was partitioned between ethylacetate (60 
ml) and 0.3N KHS0 4 solution (10 ml). The organic layer was further washed with 
saturated NaCHOs solution (10 ml), water (10 ml)and brine (5 ml). The solution was 
dried and evaporated at reduced pressure. 

Boop-lodo-Phe-Pyr-CN. imidazole (38.96 mg, 0.572 mmol) was added to a solution 
of Boc-p-lodo-Phe-Pro-NHz in dry pyridine (5 ml) under an argon atmosphere. The 
solution was cooled to -35 °C, before the dropwise addition of POCk (0.105 ml, 1.13 
mmol). The reaction was stirred at -30 °C - to -20 °C for 60 min. The solution was 
then evaporated and the crude residue subjected to column chromatography (silica 
geO to yield 180 mg (94 %) of 2-(S)-cyano-1-ften%(birtcxycarbonyf^ 
phenylalanyl)-pyrrolldine as a colourless oil. 
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p-todc^Pyr-CN-TFA. Deprotection was carried out by stirring with Mkno acetic 
add (or 60mln. Evaporation and lyophMsalion from water afforded 82.7mg of 2- 
<8)cyano-1-<p-lodo-phenylalanyl)^^ asawhite solid: 
ESI-MS: calculated 369.0. found (M+H)*= 370.0 »m 

2.49*62 (m. 1H). 2.6*3.09 <m, 1H), I1MH (m. 1H), 3i1-3.34 On. 1H), 4.31^.39 

(m 1H> 4 61-4.89 (m, 4H). 9.91-7.00 (m, 2H* 7.60-7.71 (m, 2H) 

££t U d «** 1S7.632. 131.666. 113.966. 93,73. 65.934, 52*60. 

47.061,49.428,36.322,29104.24.063. 

Example 13: Crystallization and crystal transformation. _ 
TrlclWc Bystale were obtained at room tem»«atu» wWn severe! dayabymWng 

2% PEG2K. 0.1 M ammonium sulfate, and 0.1 M TrWHCI pH 8.0) uamg the srtung 
drop vapor diffusion method. The rxystab were vary sensitive towarde manud 
randOng and oxygen. Opening of me c^steHfcation vfcls 
whlohw-only partly revered These preblems were eohred by piereing thecpv* 
.ape of the crystallization plates with a syringe and immediate covering oMta 
c^ltizaBon drop with partluoropotyethar (PFPE) ol By h*ve»«ng the orysW. 
Z» a loop wim humktty comrel most of the surrounding moth^orgete 
replaced with the PFPE oil. C^lwi^""^^"* 

^ down from 96.5 % to 86.5 % < *v a gmdtent of 6.5 % <150a> wht* 
induced a phase irenrtlon tn the crystal*, tattce «der reflected b, a drarnadcally 

; impn^dim^onpaltern.A.anopama.^^ 

tat. cold mtmgen stream andtrercportod to the ^roWnlor date c<*el»mftr 
.gand complex studies. DP Instate were soaked with the inhibitor prtortolhe 
c^tal transformation procedure. Data ware processed end eoried uamg DENZQ 
and SCALEPACK (Otwlnowstd. Z. & Minor. W. (1997) in Ms*. Eteym.. erto. Carter. 

) C.W. J. & Sweet R. M. (Academic Press, Vol. 276, pp. 307-326.). 

Example 14: Structure datermlnallon 

The structure was determined by multiple wavelength anomalous dispersion (MAD) 
uring a mercury derivative and subsequent norvciystetoglaphlc eymmetry (NC8) 
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program GLRF ( Tona, L. & Rosemann. M . Q. (1990, ^ ^ J™? 

rrr™' an ° mal0US P ~ ma " ^ * w P f0 9 ram MAIN (Tu* D 
0992, h Chemrsay (Technfech. MQnchen.), avemged 

«*og«a. .oca. twe-fc* axes, and subset ^ to RSPS ( ^ J* ™ 

aeflmate fifi. procedure to enhance „ ^ „ ^ ^ ^ ^ 
TO.-*. position of the *, symmary^btod Hg^loubtato was defined * • 

parameter After heavy atom refinement and phasing (program MLPNARE) and 
(8OLOM0N) ( O-W*- 5« Number 

Phases were extended to Z0 A rosolufion by NCS averaging usino the 
= MAIN (Turk, D. (1992, fa (^ ^ 
^'"^ft.alaoirond^ro^w.p^^^ MOncram.) 




26 



Using the program MAIN, we placed the catalytic domain of POP In the efedmn 

density which served as a Jump start in modal . J 

ih«r»nA-*.^. ~ srart in model buMng and sequence assignment of 

2*™* C*re. a M, Deteno, w. L, Oro, P.. GrossehrnsL.Ti 
*• J. S KuszewsM. J.. Nfce,. H . Pennu. N. 8.. Read, R. J, Rice[ L M 

0.008 A (bond length, and 1.4 degree (angle deviation,. ™yor 
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What is claimed is: 

1. Use of effectors of a secondary binding site of DP IV and/or DP IV-IIke 
enzymes for the production of a medicament for the selective treatment of 
conditions related to DP IV enzyme activity In a mammal. 

2. Use of effectors of a secondary binding site of DP IV and/or DP IV-like 
enzymes for the production of a medicament for modulating the selectivity 
and/or activity of DP IV or DP IV-fike enzymes in a mammaL 

3. Use of effectors of a secondary binding site of DP IV and/or DP IV-like 
enzymes for the production of a medicament for the prevention of the 
interaction of DP IV or DP IV-IBce enzymes with their binding proteins In a 
mammal. 

4. The use according to any one of the preceding claims, wherein the secondary 
binding site comprises the amino acid residues L90. E91. T152, W154, W157, 
R310, Y330, R318, Y416, S460, K463, E464 and R560 of DP IV. 

5. The use according to any one of claims 1, 2 or 3, wherein the secondary 
binding site comprises the amino acid residues Glu361 and Ile407 and Ns2 of 
Hls363ofDPIV. 

6. The use according to any one of the preceding claims, wherein the effectors 
block the product release site of DP IV and/or DP IV-like enzymes. 

7. The use according to any one of the claimsl to 5. wherein the effectors 
prevent the tetramerization of DP IV and/or DP IV-like enzymes. 

8. The use according to any one of the preceding claims, wherein the effector 
comprises 3 to 20 amino acid residues. 

9. The use according to any one of the preceding claims, wherein the effector 
comprises 5 to 12 amino acid residues. 

10. The use according to any one of the preceding claims, wherein the effector 
comprises 5 to 7 amino acid residues. 

11. The use according to any one of the preceding claims, wherein the effector is 
a consensus sequence of the GRF-peptide family, preferably TFTDDY. 

12. The use according to any one of the preceding claims, wherein the effector Is 
stable in the plasma and/or serum of a mammal, preferably H-Ser-D-Glu-Thr- 
Gly-D-Val-D-Lys-D-Val-OH. 
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13.The use according to any one of claims 1 to 7, wherein the effector is selected 
from the group consisting of compounds of formulas a) to d): 




e 
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U. The use according to any one of the preceding Cat™. 

the group consisting of 

. PPAR agonists; 

. Wguanides,e.g.metformln^^ 

. protein tyrosinphosphatase-1B (PTP-1B) ^ 

. insulin and insulin mimetics; 

. sulrortylureasandc^erlnsufinsecretagogues; 

orglucosidase inhibitors, e.g. acarbose; 



GLP-1, GLP-1 rnimetics, and GLP-1 receptor agonists; _ 
GLP-2. GLP-2 rnimetics, and GLP-2 receptor agonists, e.g. AIX600 
(teduglutide from NPS Allelix Corp.); 

exendirv4 and exendlrn* rnimetics. e.g. exenatide (AC-2993, synthetic 

exendirn* from Amylin/Eli Lilly); 

GIP, GIP rnimetics, and GiP receptor agonists; 

PACAP PACAP rnimetics, and PACAP receptor 3 agonists; 

PYY. PYY rnimetics, PYY receptor agonists, and PYY receptor 



cholesterol lowering agents selected from the group consisting of 
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• HMG-CoA reductase inhibitors, 

• sequestrants, 

• nicotinyl alkohol, nicotinic acid and salts thereof, 

• PPARo agonists, 

• PPARy agonists, 

• PPARce/y dual agonists, 

• inhibitors of cholesterol absorption, 

• a ^CoA:cholesterola(^nsferaseinhlbltDrs,and 

• antioxidants; 

- PPAR8 agonists; 

• antiobeslty compounds; 

- an ileal bile acid transporter inhibitor; and 

- anti-inflammatory agents. 

15.TW acceding to any one of .he pn^m, cWn*. ^ „ 

aommintered In combination with at least one DP IV*hibtor 

^ 'r^T* 8 toany0ne ° fme V"*"" ** <* treatment of 
™*bo»c diseases. pmferabl/ Synd,^ X, impend glucose ^ 

0-ucosuna. «p,d disorte*. dytfrpHen*. hyperfpidemia, hyp^iycerfdenT 
M****, low HDL levels, high LDL 

oaused by diabefcs mWus h mmn ^ masiM J^ 

of ft. mu co». a^. dhease8- 
«nd«o«, paycnosomatio. neurcp^ehiaMo and depress*. Phe^ea. aj 

epfcw. nuwona. darters, spasm and chronic pain, atheroscieroab and its 

*se»e. rnofcdh, Crohn-, dbeasa and coHds. c*ar wJLa«onr 

cond-fons. parKreaBBa, abdon** obesity, neurodegenercdve disease 
"■"Patny. -wphrcpathy, Mmm^r. e^Kn 
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syndrome), growth hormone deficiency, neutropenia, tumor metastasis, benign 
prostatic hypertrophy, gingivitis, osteoporosis, and other conditions. 

18 A pharmaceutical composition comprising an effector of a secondary binding 
site of DP IV and/or DP IV-like enzymes and a pharmaceutically acceptable 

carrier therefore. . 

19 A pham»ceu«cal composWon comonsing an effector of a seconds* baling 
site of DP IV and/or DP IV-like enzymes, an antidiabetic agent and a 
pharmaceutically acceptable carter therefore. 

20. A pharmaceutical compoeMon comprising an effector of a aecondary binding 
site of DP IV and/or DP W-I*e enzymes, a DP IMMfer and a 
pharmaceuticelty acceptable carrier therefore. 

21. An effector of a secondary binding site of DP IV and/or DP IVJIke enzymes of 
the formula TFTDDY. . 

22 An effector of a secondary binding site of DP IV and/or DP IV-like enzymes of 

the formula H-Ser-rWSIu-Thr-Qty^Val-D-Lys-D-ValOH. 
23.An effector of a s«ondary binding site of DP IV and/or DP IW. enzymes 

selected from the group consisting of compounds of formulas a) to d): 
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24 A memod for screening capable of bmdlng t» a eecondary Ending 

8lte o.DP W and/orDPIV.te enzyme, co^rtsln^f^ste^ 

a^ Contacting at least one of that effectors wflh DP IV angora DP N«. 
„ p^feraWy under condWons whteh permrt blndmg mere 

between; , . np «. 

b) Adding a substrate of DP IV andtor DP IV-like enzymes to said DP IV 

and/or DP IV-Uke enzyme; . _ 

c) Monitorir* me blc<tegrada«on ^ 
jesldual DP IV and/or DP IV-tOa enzyme activity: 

d) Corral changes in the biod^radrton andto anzym. ar*dty 
^blrrfirsmsaWeffectemtoDPfVatx^ 

a) Identify of sstecdvity^ _ 
25 A method for detecting the presence of secondary binding sfte(s) of DP IV 
and/or DP IV-Uke enzymes comprising the following steps. 

a) Pacing two or mora different substrates, each having an amino a* 
sequence, vrfrlcb Nnds to DP IV and/bF DP rV-*e enzymes and 
aHg rtng the amino add sequences of said substrates; 

b) .defying a. lea* one consensus sequence amxmget said substrate 
amino add sequences; 

c) Synthesizing a pepiidehaving said con^ sequence; 

e^Addtng a substrate of DP IV and/or a DP rV4Bce enzyme to tha DP tV 

and/or DP IV-like enzyme; ■ ■ ■**.«■« 

f) Monitoring the Wodegradatkm of the substrate andfor measuring the 
^ualDPIVandtoDPrv-lllreenzyrneartM^and 

fl) Correisdng charges m said Wodagr^arion and/or 

presence of a secondly bind** site capable <* modulating the 
substrate specificity of DP W andfor DP IV-Uke enzymes. 
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Figure 2A 
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^b. Peptide bondplanarity » omega angle sd 
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/ Figure 2C 
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) Figure 2E 

e. Hydrogen bo nd energies 
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Figure 2F 
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Figure 4 
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Figure 7 
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Figure 11 
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Figure 12 



WO 2004/031374 



Figure 14 



19/43 



PCT/EP2003/010408 




WO 2004/031374 



20/43 



PCT/EP2003/010408 




WO 2004/031374 

Figure 17 



22/43 



PCT/EP2003/010408 




WO 2004/031374 



23/43 



PCTVEP2003/010408 



Figure 18 
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Figure 19 
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Figure 21A 



a. Ramachandran plot quality assessment 
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Figure 21 B 



b. Peptide bond planarity - omega angle sd 
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c. Measure of bad non-bonded interactions 
70 



•3 




WO 2004/031374 



29/43 



PCT/EP2003/010408 



Figure 21 D 
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e. Hydrogen bond energies 
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Figure 22B 



b. Chi-1 trans 
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Figure 22C 
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Figure 22D 
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Figure 26 A 



WO 2004/031374 



42/43 



PCT/EP2003/010408 



Figure 26 B 
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